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VER 1,000 ROUTES GLASGOW CENTRAL 


BRITISH RAILWAYS, 


ROM ONE CONTROL DESK SCOTTISH REGION 


we aaa 


With over 1,000 routes, believed to be the largest route 


relay interlocking in the world, operated from one control 

desk. It controls all functions as far as Larkfield Junction BRITISH 

on the Main Lines and Cook Street on the Gourock Lines, DESIGN 
comprising in this concentrated area approximately 11 miles 

of track, involving 90 main colour Light signals, 80 « West AND 

yte » shunt signals and 157 sets of electro-pneumatically MANUFACTURE 


>perated points. There are 243 track circuits, and miniature 
ype plug-in relays have been used extensively. 
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in Europe 


On January 30 this year the Swedish State Railways 
opened the first section of the C.T.C. plant on the 


Ljusdal—Langsele line. The C.T.C. office is situated 


41 stations extending over a distance of 170 miles. 


| at Ange and, when the plant is completed, will control 
: This will be the largest C.T.C. plant in Europe. 


The C.T.C. equipment was supplied by LM Ericsson. 


LM ERICSSONS SIGNALAKTIEBOLAG 


Lovholmsvagen 93 Stockholm Sv Sweden 


VAPOR PRODUCTS 


sewing railieads 
ever hundreds of 
millions of mites 


Your attention is directed to the record of 
VAPOR products — in railroad service for 
over fifty years. Now used in 25 countries in 
Europe and over the world, VAPOR equip- 
ment includes all components of the steam 
or hot water heating system — from heat 
source, through regulators, radiation, valves, 
and thermostatic controls. Also, where elec- 
tric heat is necessary, VAPOR Control Sys- 
tems have found wide use with most satis- 
factory results. 


The VAPOR model OK steam generator is sectionally illustrated here to show you 
its sturdy construction. The unit is robust, reliable, and compact — with exception- 
ally high output per unit of weight, on axles. Vital statistics of OK-4616 : sustained 
output — 750 kg/h; operating weight— 1,350 kg; overall dimensions — 165 x 110 
x 160 cm. Similar models available with outputs ranging from 225 to 2,000 kg/h. 


The VAPOR Thermostat shown here is iust one in the hundreds of model and 
voltage designations now controlling railroad heating systems and air conditioning. 
VAPOR temperature controls are characterized by accurate performance and 
simple maintenance. They flatten the curve of temperature variation to within one 
degree centigrade, and all are manufactured to rigorous standards on exclusively 
patented production equipment. 


EQUIPMENT MADE IN HOLLAND 


Also illustrated in section — the compact VAPOR 4915-6 Circulating Water Heater 
(approx. 115kg and 70 x 40 x 48 cm, with 32,000 kg Cal/h output). Widely utilized 
in heating systems on diesel railcars, and on diesel locomotives to automatically 
maintain full operating temperature of the engine coolant liquid. This of course 


assures full operating efficiency of the diesel, and eliminates the need for wastefu! 
idling while on siding waiting for load. 


Also available for lower heat output requirement the highly efficient B.70 heate: 
with a capacity of 16,000 kg Cal. 


You are cordially invited to send for complete information. Please write to 


VAPOR INTERNATIONAL CORPORATION, LTD. 


224, SOUTH MICHIGAN AVENUE CHICAGO 4, ILLINOIS, U.S.A. 


or for the equipment made in Holland to 


VAPOR INTERNATIONAL CORPORATION, HOLLAND N.V 
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Fifteen of these 3,000 h.p. 25 kV 50 cycle locomotives are being 


supplied to British Railways. Weighing 73 tons in working order, the 
locomotives are for use on the recently opened Manchester-Crewe 
electrified lines of the London Midland Region. 


**ENGLISH ELECTRIC” equipped the first 25 kV A.C. multiple 


unit stock to operate in Great Britain. 


ENGLISH ELECTRIC 


in association with 


VULCAN FOUNDRY - ROBERT STEPHENSON & HAWTHORNS 
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ALSTHOM 
has built since 1949, 
1000 

ELECTRIC 


AND DIESEL- ELECTRIC 
LOCOMOTIVES, 


totalizing an output 
of about 


3 MILLIONS HP. 


38, AVENUE KLEBER =- PARIS 
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Increase the comfort 
of your passengers 


by fitting all your carriages with 


POLYGLASS 


the multiple insulation composed 
of DUPLEX polished Plate Glass 


Literature 
and references 


on request 


LES 
GLACERIES 
DE LA 
SAMBRE S.A. 


Auvelais - BELGIUM 


THERMIC INSULATION against low and high temperatures ; 


elimination of drafts of cold air along the windows. 
ELIMINATION OF MIST and frost in cold weather and con 
sequently TOTAL VISIBILITY. 


REDUCTION IN MAINTENANCE COSTS. 
ACOUSTIC INSULATION : outside noises are decreased by 


35 decibels compared with ordinary single glazing. 


Actually more than 500 carriages of the §.N.C.F.B. (Belgian 
Railways) are fitted with POLYGLASS. 
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* Simple and self-securing 

* Attractive in cost in view of reduced maintenance and replace- 
ment expenses 

* ‘Transversely stiff and vertically elastic 

* Definitely anti-creep 

* Equally serviceable on timber and concrete sleeper 

* Excellently suited for pre-assembly 

* Secure and safe 

* Constant spring pressure on the rail at every point of contact 


independent of the means of securing the soleplate to the sleeper 


TENN 
SSVqq¢g 


* The best security against sun-buckling, irrespective of the 
length of rails 
* Quicker and easier exchange of rails than by any other known 


method of rail fastening 
* Track security and economy 


The Hey-Back System comprises a wo types of components—a 


rolled steel soleplate anda spring clip. The soleplates can be fastened 109.lb.lyard rails - wooden sleepers British Raihvays 


by conventional methods. Once secured, they need never be dis- 


turbed. The spring clips are easily entered and driven home, and as 
easily released, yet resisting all forces caused by the movement of 


the train. Correct position of the spring clip is ascertained at a y 
glance during routine inspections. Resilient pads can be used, both } 
. 4s 
as shock-absorbers and to provide insulation for track signalling. NEE Ren 
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49 kg/m tails ~ concrete sleepers, Norwegian State Railways 
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... speed and economy on trunk hauls 
and door-to-door service too! 


Tes Roadrailer, loaded at the factory 


as an ordinary articulated lorry. 


Now it’s an I1-ton lorry, loaded in the 
usual way and driven by road to the 
railhead. Only 150 seconds to retract 
the road wheels and lower 
wheels and hey presto 


the rail 
now it’s part 
of a fast freight train designed for 
through travel at an average speed of 
60-65 m.p.h. 

The Roadrailer brings your railhead 
to your customer’s factory. It brings 
the best of both worlds, giving traders 


150 SECONDS— YOU CAN HAVE THE 


The Roadrailer as part of a fast 
freight train. 


the economy and uncluttered speed of 
long-distance rail haulage p/us the con- 
venience of door-to-door collection and 
delivery. It can be adapted for liquids, 
timber, cement—all kinds of traffic. 

The introduction of the Roadrailer 
is in any country’s interest: it frees the 
roads, puts trunk haulage on the rail- 
way where it sensibly and economically 
belongs, and helps industry by making 
transport cheaper and faster. 


BEST OF BOTH WORLDS 


The Roadrailer converted backtoa 
3 lorry completes delivery by road. 


PRESSED STEEL CO LTD 


Railway Division, 
Linwood Factory, Paisley, Scotland 


LONDON OFFICE: Railway Division, 47 
Victoria Street, LondonSW1. HEADOFFICE: 
Cowley, Oxford. BRUSSELS OFFICE: Canter- 
steen 7, Galerie Ravenstein 30, Brussels 1, 
Belgium. Manufacturers of motor car 
bodies, Prestcold refrigeration equipment 
and pressings of all kinds, 


WE ARE SHIPPING THEM 
ALL OVER THE WORLD ! 


SPEED - COMFORT - RELIABILITY * BEAUTY OF DESIGN 


* Diesel and Electric Locomotives 
* Railcars 
* Railcar trains 


ZanzZ  GANL- MAVAG LOCOMOTIVE AND RAILWAY CARRIAGE 
Mavag MANUFACTURERS, WEA A ENGINEERS 


BUDAPEST 70 . 136 HUNGARY 
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TELOC Speed Indicators and Recorders are known 
and appreciated throughout the World, as they permit 
exact observing of speed regulations and therefore con- 
tribute to the safety of passengers. Further, valuable 
information is provided to the Railway Traffic Manager 
for the re-organisation and speeding up of services. 
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WERKSPOOR 


Locomotives 
for any 


specific purpose 


Werkspoor locomotive construction 
department, backed by many years 
of experience, is at your 
command, and will gladly 


co-operate in solving your problems. 
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Locomotives in great variety, 
ranging from 300 to 2,300 h.p., 
are built by Werkspoor. 

Recent deliveries include 
Diesel-electric locomotives 
Diesel-hydraulic locomotives 
Electric locomotives. 

For special requirements, Werkspoor 
have also supplied 

sparkless locomotives 

for use in oil refinery yards, and 
dustproof locomotives 

for work on desert railways. 

Many Werkspoor locomotives 
are powered by diesel engines 
of Werkspoor design 

and manufacture. 
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SUMMARY. — The adoption by railways of the block system for the automatic operation of 
signals raises the level of security of operation in so far as concerns the lineside equipment. 

However, to achieve an all-round increase in the security level, it is necessary to ensure that inform- 
ation received on the locomotive shall be acted upon, irrespective of any human intervention. 

This may be achieved by means of appropriate equipment for the repetition of signals on the vehicles, 
and for the automatic control of speed; information may be transmitted from the track to the vehicle 
either continuously or at given intervals; the use of either of these systems has an influence on the 
distance to be maintained between trains for any given arrangement of signals. 

In particular, it is concluded that in the light of the limiting assumptions on which this comparative 
study is based, continuous repetition of signals is to be preferred without the addition of automatic 


speed control. 


I. Introduction. 


Today more than ever before the majority 
of railway administrations are embarked on 
the planning and putting into effect — at 
more or less short notice — of schemes for 
modernising their services in order to meet 
the ever-growing competition from other 
forms of transport. 

The objective of these schemes is thus to 
improve the quality of service offered to 
railway users while at the same time if 
possible reducing its net cost (1). 

This objective can only be achieved by 


(1) It should be mentioned that sometimes this 
objective is unattainable, not because the technical 
or economic reasons behind any given course of 
action no longer exist, but because it is impossible 
to achieve the anticipated economies, either be- 
cause it is not possible to effect reductions of staff 
or because the latter cannot be transferred to work 
other than that specified in the working agreements 
in force. 


adopting means which, by increasing the 
efficiency of the methods and equipment of 
transport, improve the productivity of the 
line. 


The adoption of a device which auto- 
matically maintains the specified distance 
between trains (block system) is in accord- 
ance with this precept, since : 

— it increases the capacity of a line while 
at the same time reducing the number of 
staff required to ensure the spacing 
of trains; since it is no longer necessary 
to maintain in each « block post » staff 
specially allocated to receive requests for 
« line clear » (transmitted manually by 
some device or other) and to return 
suitable replies (by the same means) ; 

— it increases the safety of operation by 
eliminating any human intervention; the 
spacing of trains is assured by equipment 
so interlocked as to render wrong oper- 
ation impossible. 
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Il. Automatic train control methods. 


Any device used for automatically main- 
taining the required distance between trains 
only increases the factor of safety of ope- 
ration in so far as the lineside equipment is 
concerned; it cannot be considered that an 
all-round improvement in safety factor has 
been achieved unless all powered vehicles 
are provided with means for automatic and 
correct responsive action in accordance with 
the lineside signals, independently of any 
human agency (2). 

For this to be achieved the various track 
conditions must be reproduced by distinct 
changes in the supply to the track circuits 
or other equipment specially provided for 
the purpose; the apparatus on the vehicle 
will thus be able to receive and _ select 
distinct pieces of information corresponding 
to each lineside signal. 

In such case, the vehicle equipment will 
also be able to check that the necessary 
operations have been carried out by the 
driving staff correctly and at the prever 
time; failing which it will automatically 
initiate security measures such as, for 
example, emergency braking of the train. 

Automatic control of train movement is 
thus achieved by means of two successive 
operations : the first being the repetition 
on the vehicle of information transmitted 
by the track; the second is the check that 
the driving staff have properly responded 
to the information received. 

As regards the repetition itself, it may be 
accepted that at the present time the best 
results are obtained by utilising for feeding 
the track sections coded impulse trains in 
varying sequences, each one of which 
corresponds to a given condition of the 
section. 

The signal is in fact transmitted to the 
vehicle uninterruptedly, and corresponds 
continuously to the track conditions, any 


(2) In the absence of automatic control, the 
custom has become established of employing a 
driver's assistant; the possibility of avoiding the 
use of this assistant enables operating economies 
to be achieved which justify the financial outlay 
required for the installation of the control equip- 
ment. 
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change in which is received immediately. 
The movement of trains (which alone 
receive the repeated signals) is therefore 
flexible and is in no way governed by the 
length of sections; so that the device may 
be utilised to its maximum capacity with- 
out the slightest reduction in the degree 
of safety. 

However, when to repetition of signals is 
added the automatic control of operations 
normally performed by the driver, the 
resultant installations may impose too many 
restrictions on train movement. 

In fact, in such case the reception of a 
signal on the vehicle must be followed by 
action directed towards regulating the move- 
ment of the train in accordance with the 
line conditions. 

Now, if transmission is of the continuous 
type, such action cannot be translated into 
any predetermined system of non-continuous 
control of the driver’s vigilance (such as, 
for example, pressure on a button at given 
intervals) but must consist in reproducing 
the restrictive conditions which such a 
signal imposes on train movement for as 
long as it is being received. 

On the other hand, the use of repeating 
equipment installed only at selected points, 
and arranged also to transmit a certain 
number of pieces of information (corres- 
ponding to various track conditions) offers 
scope for greater operating flexibility, since 
it enabled a reasoned control of vigilance 
to be obtained, i.e. it confers no obligation 
to observe rigidly and continuously certain 
given conditions of running (such as reduc- 
tion in speed between certain previously 
established limits). 

Furthermore, it should be noted that 
equipment of this kind can be used whether 
or not the condition of the sections is con- 
trolled by standard type track- circuits (or 
similar devices). 

In this way «intermittent » or «non- 
continuous » transmission of information 
may be effected from the track to the 
vehicle. Various types of coupling are 
available for this, but it would appear 
preferable to use inductive coupling, either 
because it offers a high degree of safety in 
operation or because it offers the possibility 
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of transmitting a considerable number of 
indications which are completely distin- 
guishable from each other (3). 


It is assumed in what follows — in which 
attention is given to certain aspects of the 
influence which may be exerted on the 
capacity of the line by the use of « con- 
tinuous » or of «intermittent » repetition 
— that the latter can be provided by 
apparatus giving a high degree of operating 
safety comparable to that of apparatus for 
continuous repetition, even if the track cir- 
cuits are not controlled by current pulses. 


It is further assumed that a check can be 
kept on the proper functioning of the 
apparatus on the track; i.e. that the removal 
of a piece of equipment or any part thereof 
produces an indication drawing urgent 
attention to the signal concerned (either 
directly or by means of other equipment 
such as, for example, the block apparatus). 


Finally, it is assumed for the sake of 
simplification that the block sections are 
always protected by lineside signals. 


Ill. Types of train control systems. 


The control of train movement in con- 
formity with its line conditions is dependent 
on a more or less intensive control of the 
driver’s actions. 


Hence, vigilance systems may be divided 
into two basic types according to their 
method of functioning : 


A. — Devices whose action covers the 
production on the vehicle of a visual, and 
if necessary, audible repetition of the track 
signals; such repetition may however be 
completed by a check on the actions of the 
driver. 


B. — Devices whose action covers trans- 
mission to the vehicle of information relating 


(3) It is probably unnecessary to draw more 
than passing reference to the fact that the « inter- 
mittent » system can, in its simplest application 
provide indications similar to that of a train-stop, 
i.e. repetition of « track occupied » with corres- 
ponding controlling action on the vehicle. 
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to the condition of the track without how- 
ever repeating it to the driving staff. This 
means that the device checks that the driver 
carries out the required action after having 
himself directly observed the lineside signals; 
visual repetition may be provided if neces- 
sary, but nothing more. 


As regards the form of control exerted 
over the operations performed by the 
driving staff, vigilance systems may be 
divided into two groups as under : 


1. — Apparatus producing a check on 
vigilance; i.e. it checks the state of attentiv- 
eness of the driving staff by requiring such 
staff to operate some suitable device; 


2. — Apparatus producing a check on 
speed; i.e. it checks the actual speed of the 
train at certain predetermined moments 
during the braking period (4). 


This latter is not in any way a rigid 
subdivision since apparatus may be devised 
whose action is a combination of a check 
on vigilance (group I), and a check on 
speed (group II). 

Failure to take correct action on the 
receipt of information from the track (which 
may also be recorded on the speedometer 
chart if required) may if necessary produce 
automatic braking of the train. 


IV. Characteristics of vigilance 
and speed control. 


If a simple control of vigilance is deemed 
sufficient, the automatic brake application 
taking place immediately in the rear of the 
signal when the driver has failed to take 
action ensures that the train is brought to 
a stand before it reaches the stop signal 
ahead. 

From this viewpoint, it would seem suf- 
ficient to transmit the information from the 
ground to the vehicle only at the signal 


(4) In its simplest form this check on speed 
could be effected by a check on braking which 
might consist, for example, in recording the brake 
pipe pressure at certain predetermined moments 
during the braking period. 
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itself, without employing protective sections, 
such as, for example, a protective track 
circuit (5) in advance of the stop signal 
(Fig. 1). 

However, it must be mentioned that such 
a solution does not give sufficient security, 
since it is only the degree of vigilance 
exhibited by the driver which is checked, 
and when this has been done the train may 
continue on its way at the same speed and 
so run past the stop signal at full speed. 


Fig. 1. — Check on vigilance. The information is 
conveyed to the vehicle immediately opposite 
the warning signal preceding the stop signal 
« at danger ». 


‘To avoid this, 1t may be advantageous to 
supplement the simple check on vigilance 
by a check on speed. 


In its simplest form this control may be 


provided by automatic application of the 
brakes when the train runs past a stop 


(5) It may be mentioned in passing that a 
protective track circuit is used in certain applica- 
tions to maintain safe spacing between two trains 
following each other in the same direction, and is 
more economical than the provision of a clear 
section. It is not in fact distinguished by its own 
signal or, on lines equipped with coded automatic 
block, by individual coding circuits; in such case, 
it may normally be fed with steady currents on to 
which are superimposed — over the period of 
repetition on the locomotive — the code in force 
in the section in advance at the moment when it 
is occupied by the train. So long as this occupation 
lasts, the section in rear (and the signal protecting 
it) is subjected to maximum restriction. When the 
last axle of the train leaves the overlap track 
circuit, this section in rear and the entry signal 
return to the « caution » condition. 
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signal. Such a scheme may be put into 
effect with control systems of both « inter- 
mittent » and « continuous » types and in 
any case implies a protective track circuit 
in advance of the stop signal and having 
a length equal to the greatest braking dis- 
tance of any trains running on the line in 
question (Fig. 2). 

If it is required to improve the control 
of vigilance still further, an intermediate 
control of speed may be imposed between 
the warning signal and the stop signal. This 
may be either a distance control or a time 
control (applicable in the latter case to the 
fastest train) as soon as the motor vehicle 
has been informed that the line is blocked. 
The speed will have to be controlled at a 


Fig. 2. — Check on vigilance reinforced by control 
of speed. Automatic application of brakes occurs 
immediately on passing stop signal at danger, 
which is provided with a protective track circuit. 


value intermediate between full speed and 
stop. In no case should this value be too 
low where the intermittent signal is used, 
in order to avoid an excessive reduction in 
speed, especially if the stop signal has mean- 
while cleared. On the other hand, it should 
not be too high, otherwise there is a pos- 
sibility that the stop signal at danger may 
be passed at excessive speed; which would 
require an excessively long protective track 
circuit (Fig. 3). 

In all cases, it is essential for the length 
of the protective track circuit to be less than 
that established when considering the case 
of figure 2. The solution given by figure 3 
is in principle applicable with either an 
intermittent or a continuous system, but 
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appears better suited to the former, which, 
as already stated, seems to offer greater 
flexibility in operation than the continuous 
system from the speed control viewpoint. 


On the other hand, when the braking 
distances of trains are very long and it is 


Fig. 3. — Check on vigilance reinforced by control 
of speed. The insertion of one or more inter- 
mediate speed controls, between the warning 
signal and the stop signal enables the check on 
vigilance to be more effectively reinforced. 


in consequence really economical to reduce 
the length of protection as much as possible, 
it would appear desirable to have recourse 
to more than one intermediate control of 
speed in the shape of controls either of 
distance or of time (Fig. 4). 


Fig. 4. — Control of speed. This takes its most 
effective form when there are an infinite number 
of controlled levels of speed. 


All these considerations apply to a line 
on which the signalling system only provides 
for a single warning indication. 


Warning signals have been mentioned in 
their simplest form so that the subject might 
be treated in a fairly general way, notwith- 
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standing the fact that in their different 
applications stop signals are used either with 
separate or with combined warning signals, 

In any case, it has not been considered 
advisable to do away with the lineside 
signals, since apart from certain modern 
lines of no great size, (e.g. the Stockholm 
underground), the diversity of installations 
and rolling stock gives the impression that 
at the present time elimination of these 
signals is not practicable. 


\. Influence of the type of repeater 
on the distance 
between trains in normal running. 


It is now proposed to examine the in- 
fluence of the two repeating systems, inter- 
mittent or continuous, on the distance 
between trains, or, for a given track capacity, 
on the numbers of signal locations required 
per kilometre; these locations being defined 
by the amount of cable and apparatus it is 
necessary to provide for them (6), 


In what follows, consideration will be 
given to some typical signal combinations 
by setting down side by side the effects of 
the two systems — intermittent and con- 
tinuous — on each combination, i.e. com- 
parison will be effected over the same block 
sections as defined by the lineside signals. 


Case I/a. — Stop signals with associated warning 
signal and protective track circwt (Fig. 5). 


(a,) Continuous system (7). 


With reference to figure 5-a), consider the 
stretch of track shown; different subdivisions, 
with sections having lengths greater than 
the braking distance, each fed with coded 


(6) It may be mentioned in passing that any 
given vehicle equipment for the automatic inter- 
pretation of the indications received may be 
actuated equally well by either the intermittent 
of the continuous system. 

(7) Throughout what follows the indices «¢ » 
or «fp » have been subjoined to the various symbols 
to denote the « continuous » or « intermittent » 
systems respectively. 
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currents and provided with a protective 
track circuit. 

These sections are connected «in cas- 
cade » in order to preserve the required 
distance between trains; each lineside signal 
is a «stop signal with associated warning 
signal ». 


De: dv sorder 


Fig. 5. — Train spacing obtained with lineside stop 
signals with associated warning signals; each 
signal has a protective track circuit. 


In these conditions, the minimum distance 
between two trains under normal sighting 
conditions with « line clear » (more exactly, 
with an intervening clear section) is given 
by the equation (Fig. 5-a;) : 


De = dy + 25e +7 (1) 


where : 


r = length of protective track circuit = 
half the braking distance increased by 
a certain length of track s, to allow for 
the reaction time of the driver and 
the time delay of the equipment (8); 


(8) This is because it is considered that, since 
there is automatic control of speed, the maximum 
speed is already suitably reduced at the moment 
when the warning signal is received; so that the 
stopping of the train after running into some 
already occupied section would require a shorter 
braking distance. 
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dy— sighting or « response » distance 
(150 m = 164 yds); 
Se = length of a section of main line. 


One deduces from formula (1) : 


= Pe Re (2) 
where Ky = dy + 1. 
Again, if: 
V = the schedule speed of the slowest train 


(in m/sec) ; 


the required minimum interval of time 
(in seconds) between two successive 
trains running under the maximum 
speed conditions allowable : 


ther * Ds" ¥ 28, 
becomes : 


so that formula (2) 


V-t—k, 
se = (2') 


In order to simplify the bases of compar- 
ison, it would now appear opportune to 
introduce a term easy to define in the two 
systems considered here; this term is the 
number « / » of «signal locations per unit 
of distance ». 


Is is then necessary to express the «weight» 
attributable to the lineside equipment in 
any section —apart of course from the stop 
signal which protects it — and to express 
this « weight » as a percentage of the 
« weight » of the latter. 


The term « weight» — which is in 


general use — may be associated, for 
example, with the cost or the number of 


It has been conventionally assumed in the 
present case that, following receipt of the warning, 
the speed is reduced in such a way that the distance 
required for stopping a train which has run into 
an occupied section is equal to half the length of 
track presumed to be necessary for braking from 
maximum speed. 


In drawing the diagrams it has been assumed 
that r= 600 m (656.2 yds) and s, = 100 m 
(109.36 yds). 
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items of equipment cabled and in oper- 
ation ; the cost or the number of items 
relating to the stop signal naturally being 
taken as unity. 

In the case under consideration, the 
amount of cables and equipment necessary 
for a protective track circuit may be taken 
as being some 30%, of the amount required 
for the stop signal. 


T 


D v1) xn a 30 


8 (0c) 
Fig. 6. — Case 1/a. — Continuous repetition. 
Curves of variation of s, and f- as functions of V. 


From this it results that : 
1+ 0.3 
=. (3) 


Se 


c 


It may be of interest to see how 5¢ and f 
vary firstly as a function of V for a given 
value of T (curves Fig. 6), and then as a 
function of T for a given value of V (curves 
Fig. 7). 

It should be emphasised that in the present 
case the warning signal is given at a dis- 
tance greater than that required : it is not 
therefore given at the appropriate time. 


(az) Intermittent system. 


Still with reference to the stretch of track 
in figure 5-a, let it be assumed that each 
section is fed with a steady current and that 
repetition in the locomotive is of the « inter- 
mittent » type. 

In such case, without modifying the 
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number or arrangement of the sections it is 
possible to install the repeater on the track 
at a point where it can provide indications 
to the train, not at the commencement of 
the length (assumed to be longer than the 
braking distance) but as an emergency 
signal at a distance dy from the stop signal, 


p 
3 
2 
1 
| 
0 60 120 780 x0 a lee) 
Fig. 7. — Case 1/a. — Continuous repetition. 


Curves of variation of se and fe as functions of T. 


such that it only permits this signal to be 
overrun in the «stop » position at a speed 
previously reduced to within the limits 
imposed. 


The minimum distance between two 
trains will then be (Fig. 5-a2) : 


where dy = r = 600 and dy = 150. 
If Kp is put = dy + dy + 1, we have: 
RSS kes 
again, keeping Dy = V-T, and we have 
again : 
Sp = Dp —Kp = V -T—Ky (5) 


4500 
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If the value of cable and equipment 
necessary for a complete track installation 
for « intermittent » repetition is put at 20% 
of that for the stop signal, the equation 


becomes : 1403-402 : 
km a ape (6) 
Sp 
In figures 8 and 9 are shown curves of 
variation of sy and pp as functions of V 
and T. 


| . | | | 
———— cal SS eS —+ 
sp(T 260°) sh a | } | 


ee ‘fe i ae ee S| a 
10 20 20 40 90 60 VM hee) 
Fig. 8. — Case I/a. — Intermittent repetition. 


Curves of variation of sp) and fp» as functions of V. 


If now a comparison is made of the 
characteristic curves of s and /# as functions 
of V or T (Figs. 10 and 11) drawn for both 
continuous and intermittent systems and for 
the same signal spacing, it will be noted 
that « intermittent » repetition is more ad- 
vantageous than the other in the lower part 
of the diagram : on the other hand, con- 
tinuous repetition becomes preferable above 
a certain value of speed V or time T (these 
values depending on the constants d), dy 
and r). 

As regards line capacity, in fact, the 
efficiency of the continuous system is inferior 
to the other so long as the warning repetition 
is given excessively early, i.e. it is not of an 
« urgent » character. ‘This difference dis- 
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ea aa 


Fig. 9. — Case l/a. — Intermittent repetition. 
Curves of variation of sy and p» as functions of T. 


appears when the length of section sp equals 
the braking distance (total or partial) dy (9). 

This is brought out by comparing for- 
mulae (1) and (4) : 


dyt2str=d+de+s5p4+r 


(9) The « intermittent » system here appears 
less attractive economically when s = dy (the 
« weight » of signals per km is higher than with 
continuous repetition) because it has been assumed, 
for greater simplicity, that the equipment for 
« intermittent » repetition always has a « weight » 
equal to 20 per cent of that of a signal location. 
This assumption is actually not quite valid unless 
the repeater is installed at a considerable distance 
from the lineside signal; any reduction of this 
distance brings with it a similar reduction in line- 
side cabling and hence in the percentage figure 
adopted. It should therefore be borne in mind 
that although the difference between the two 
systems still exists, it is not so large as is stated. 


Te) 
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The diagram figure 12 shows graphs of the variable (p.— Pp) as a function of 'T for 


certain given values of V : 


| (oon) Ma 
Pe— fo = as 


1+ 0.3 + 0.2 


[VP —(dy+r)]-10-3 (VT — (dy + dp + )] - 10-3" 


With the numerical values adopted, the maximum value of each of these graphs is 


evidently given by the equation : 


(be — Pp) 
d ———_ = —? e 2 
qT 0) 6-10 


It will be noted that : 


(1) the maximum value of (fc — fp) 
remains constant as V varies; 


(2) the value of T which produces this 
maximum value decreases in proportion to 
the increase of V. 


This is because once the constants (7, df, 
dy) are established the maximum value of 
(be— pv) corresponds to a well defined 
value of the distance D = VT between 
two successive trains. 


60 V (re) 


o 10 20 x» 40 50 


Fig. 10. — Case 1/a. — Curves of variation of S¢ 
and f- (continuous repetition), and sp and pp 
(intermittent repetition) as functions of V for 
a given value of T (180 sec.). 


(VT — 750)2 


NES Lee GY eye ee a OS 
re (VT — 1350)2 


Vi 


It has also been considered desirable to 
compare (Fig. 13) variations of s and p 
for the continuous and intermittent systems 
as functions of the value of braking distance 
for a given train spacing. 

As may be seen from the figure, between 
fairly wide limits of values of dy, the varia- 


P| Sim) 


0 60 120 180 240 300 T (eres 


Fig. 11. — Case 1/a. — Curves of variation of s¢ 
and p, (continuous repetition) as functions of ‘T 
for a given value of V (20 m/sec.= 65.6 ft/sec.). 
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tions of se and fe are not so sharp as those 
of sp and pp; in particular, it may be noted 
that the largest differences between these 
similar values are obtained for the smallest 
values of dy. 


The addition of an automatic train control 
system to the track equipment which governs 
the distance between trains in fact results in 
an installation capable of new and better 
performances. 


As will be seen more clearly later, the 
distance between two trains produced by 
« intermittent » repetition applied to stop 
signals with associated warning signal is in 
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Visage 
2 aga | 
l 
fo om 
Referring to figure 14-a7, we have: 


Dy = VT = dp + dy + 2 5p; 
VT — (do + 4) 
aes STG 
1+ 0.2 
Se 
In figure 15 are shown the characteristic 
curves of s and pf plotted against T. 


fy = 


Fig. 12. — Curves of variation of (fe — pp) as a function of T. 


principle equivalent to that obtained with 
continuous repetition applied to stop signals 
with separate warning signal. 


Case 1/b. — Stop signals with associated warning 
signal with protective section (Fig. 14). 


Here also a comparison may be established 
between two systems as was done previously, 


Referring to figure 


l4-a;, we have: 


De —= Waly ==, tLe) -b Sp: 


The slope of the curves is similar to those 
of figure 11 (sections with protective track 
circuit) but the limits between which con- 
tinuous is more advantageous than inter- 
mittent repetition are slightly displaced since 
the arrangement of signals under consider- 


ation here is not the same (10), 
ae ee 
(10) The scope of this article does not cover 
definition of the spheres of application of the 
various types of signal layouts available. It should 
however be pointed out that the advantage of 
adopting one rather than another is a function 
not only of the traffic characteristics but also of 
the characteristics of the rolling stock employed. 
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In this case also the two repeating systems 
have the same efficiency when the length of 
section is equal to the braking distance. 


Case 2/b. — Warning signals separated from 
Stop signals, with protective track circuit 
(Fig. 16). 


From figure 11, for r= dy, it will be 
seen that : 


Dep — VE — Dy -— 2d; — S5 
s = VI — (dy + 2d;); 
2.3 


Ss 


| ian (7) 


In this application, the continuous repeti- 
tion system provides a prior warning such 
as may be obtained with the intermittent 
system; further, in certain given conditions 


Fig. 13. — Case 1/a. — Variation of S¢ and pe 
(continuous system) and sp and pp (intermittent 
system) as functions of d; for an assumed value 
of train spacing of 3 600 m (3 937 yds). 
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such as the bunching of trains at short 
distances from each other, it enables a line 
to acquire a larger « temporary » capacity, 
as will be seen further on. 


= dvedt+ 20 


Fig. 14. — Train spacing obtained with lineside 
stop signals with associated warning signal with- 
out protective track circuit but with protective 
section. 


0 60 120 180 20 300 Ts (owe} 


Fig. 15.— Case 1/b.— Curves of variation of s¢ and pe 


(continuous system) and sp and fp (intermittent 
system) as functions of T for V = 20 m/sec. 
(65.6 ft/sec.). 
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VI. Influence or repeater type 
on train spacing 
for particular traffic conditions. 


Consider a length of line AB with any 
given type of equipment (i.e. with warning 
signals either combined or separate). 


Des dv+ dfs der 


Fig. 16. — Train spacing obtained with lineside 
stop signals with separate warning signals. Each 
stop signal has a protective track circuit. 


Let it be supposed that on this length 
signal No. 3 is at «caution» and the 
following signal No. 4 is at danger in order 
to effect a booked stop (see e.g. the arrange- 


VII. Conclusions. 


On the strength of the factors set out 
above it would appear possible to come to 
certain conclusions which should be con- 
sidered as being, if not of general applic- 
ation, at least applicable within the limits 
of the assumptions made at the beginning 
of this comparative study, which were : 


(1) the possibility of producing an « inter- 
mittent » system of repetition with equip- 
ment capable of offering a standard of 
reliability comparable with that offered by 
equipment for continuous repetition; 
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ment in Fig. 16). In this case the two 
systems give equal performances. 


When, however, signal No. 4 is at danger 
merely because of a chance failure in the 
signalling installation or in the traffic work- 
ing it may clear at any moment, which may 
be during the time that section No. 3 (which 
will also clear) is still occupied by a train 
in motion. 


Whereas with continuous repetition the 
running of this latter train may immediately 
be adapted to the new conditions, with 
intermittent repetition the running at 
reduced speed will have to be continued up 
to the next signal, or at least up to the 
nearest repeater. 


Les 


ds =the length of the « caution » section; 


x =the portion of this section already 
traversed at the moment of change of 
state of the section; 


V, = speed under « line clear » conditions; 


V2 = speed under «line clear but section 
ahead blocked » conditions, 


the delay produced by intermittent as com- 
pared with continuous repetition will be, 
as a function of distance (Fig. 16) : 


ete | I I 
(af x vi: Vi . 


(2) the possibility of checking, continu- 
ously, at predetermined points the actual 
presence of track equipment provided for 
« intermittent » repetition. 


On this basis, it is considered that the 
following conclusions may be drawn : 


(a) Apart from question of net cost, it 
appears that the continuous system is clearly 
preferable when confined to repetition of 
signals; whereas it appears to impose exces- 
Sive restrictions on the movement of trains 
when automatic speed control is added to 
repetition of the state of the section. In this 
case intermittent repetition seems preferable. 
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(b) As has been mentioned above, the 
performance of an installation consisting of 
stop signals with associated warning signal 
and intermittent repetition is equivalent to 
that of a system consisting of stop signals 
with separate warning signal and con- 
tinuous repetition; the lower net cost of the 
former (as established by the relevant values 
of p obtained from formulae (6) and (7) 
above) arises from the fact that the « inter- 
mittent » repeater may be placed at the 
required distance from the signal to which 
it refers without — contrary to what happens 
with the continuous system — any necessity 
for the stretch of line between two stop 
signals to be subdivided into two isolated 
block sections. 


« Intermittent » repetition on lines tra- 
versed by rolling stock completely equipped 
with the necessary vehicle apparatus would 
make it possible to produce an installation 
which would regulate train spacing in an 
even more economical way, and in which 
all information would be transmitted by an 
inductive link; stop indications alone being 
also repeated by the lineside signals. 


(c) As regards the considerations set out 
under Section V above, it may be mentioned 
in passing that the values of V and T which 
define the limits between which one or other 
of the systems becomes more advantageous 
may also vary as functions of the values 
adopted for dy and, hence, 7. In particular, 
these limits will decrease directly with 
decreases of dy, ie. in proportion to in- 
creases in braking deceleration attainable 
by the rolling stock running over the line. 
From present considerations the adoption 
of the intermittent system might just possibly 
be advantageous even for lines traversed by 
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trains following each other at close intervals 


and each possessing high braking deceler- 
ation, 


(d) In comparison with the continuous 
system intermittent repetition does present 
a disadvantage when a stop signal is overrun 
in the danger position. Further information 
about the state of the section can then only 
reach the vehicle on passing the next 
repeater in advance in the direction of 
running of the train. 


After remaining stationary for a certain 
length of time therefore the train concerned 
would have to go forward cautiously to the 
next repeater or to within sighting distance 
of the next lineside signal. 


(e) It has been shown in Section VI that 
under abnormal running conditions the 
maximum capacity of the line may be 
achieved with the continuous system. 


The efficiency of the « intermittent » sys- 
tem may however be appreciably improved 
if it is assumed that the reception of the 
warning signal requires a given response on 
the vehicle as a sign of vigilance, without 
controlling the speed of the train. 


Taking into consideration that the length 
of the warning section is limited (since it is 
not greater than the braking distance) the 
delay arising from the use of the intermittent 
system could, in conditions of normal signal 
visibility, be considerably reduced. 


Changes in section conditions would 
actually be brought to the driver’s notice by 
the signal immediately in advance in the 
direction of running and this would there- 
fore enable him to regain full speed before 
reaching the end of the warning section. 


[ 656 .212 .5 ] 
Measuring the speed of humped wagons by means 
of the continuous high-frequency reflection method 
for purposes of retarder control,” 


by Dipl.-Eng. Rudolf Wrrtinc, 
Professor for high-frequency Electrical Engineering at the Traffic and Transport Engineering College, Dresden. 


(Deutsche Eisenbahntechnik, March 1960.) 


1. Introduction. 


As part of the present general trend 
towards a higher degree of automation, 
shunting techniques also occupy the im- 
portant place which they deserve. Any 
efforts in this direction can obviously be of 
economic interest only in those cases where 
the additional expenditure is worth while. 
Experience so far suggests that this is the 
case with marshalling yards handling about 
4000 wagons per day, or more. 


A distinction is made between two types 
of retarder operation after the wagons have 
passed over the hump : braking to ensure 
adequate intervals between cuts, and brak- 
ing to ensure that the cuts reach their target 
safely. In either case, efforts have been made 
for a long time to measure the speed, and 
these methods have already been employed 
in certain cases. Earlier methods are general- 
ly based on the measurement of the running 
time over short successive track sections by 
means of electric rail contacts. It has also 
been proposed to use optical methods based 
on the range-finder principle, as well as 
photo-electric cells, or magnetic and acoustic 
methods based on the utilisation of the most 
variegated effects. ‘To-day, however, the 
methods which appear to offer the best 
prospects are the reflection methods, the 
principles and working of which are dis- 
cussed in the following. 


2. Physical and technical potentialities 
of reflection methods. 


2.1. The principle of «impulse radar » (2) 
with acoustic and electro-magnetic impulses. 


The term «impulse radar » comprises 
those methods which measure the propaga- 
tion time of impulses radiated by an impulse 
transmitter and subsequently received by an 
impulse receiver after having been reflected 
by a suitable object. In order to obtain a 
continuous measurement of the distance of 
the object, and the variation in this distance, 
successive identical impulses are sent out 
regularly in the form of a « pulsation ». 
This radar method has become particularly 
well known from its application during the 
last war. 

For our purpose, it is relevant to assess 
the results which might be obtained by 
applying this principle to hump shunting, 
assuming a judicious rating of the appro- 
priate technical devices. 

Consider, as shown in line I of figure 1, 
a pulsation radiated by a transmitter and 
intercepted, after its reflection, by a receiver 
installed at the same place. If the reflecting 
object is stationary, the pulsation echo is 
received with a constant time lag t corres- 
ponding to the return trip of the impulses, 
and is, in principle, identical with the puls- 
ation radiated, though its amplitude will 


Ss nee ee 


; (1) Paper read at the Third Field-Days of Science of Communications, organised by the Dresden 
Transport High School and held from the 8th to the 11th June, 1959. 


(2) Radar = radio detecting and ranging. 
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differ. The distance of the reflecting object a 
can then be calculated from the relation : 


2a 
2a=c(ttorward+treturn) =ct, hence + = — (1) 
c 


where + is the time lag of the pulsation 
received compared with the pulsation initial- 
ly radiated, and where c is the speed of 
propagation. If, on the other hand, the 
reflecting object is moving so that its dis- 
tance decreases, i.e. if the object approaches 
the radiator and receiver installation, the 
times tforward and tretyrn decrease continual- 
ly, and the product cr indicates the variable 
distance. This phenomenon is shown 


Fig. 1. — Transmitter and receiver impulses. 


II with constant distance, 
III with decreasing distance. 


graphically in figure | where line I represents 
the pulsation radiated, line II the pulsation 
echo received while a is constant, and line III 
the pulsation echo received while a decreases 
at a constant rate. The last impulse on 
line III obviously represents the condition 
a = 0, as there is no longer any time lag. 
On the basis of the continually decreasing 
time lags, it is easy to determine the speed v 
of the reflecting object if it is kept in mind 
that the time lag decreases by the difference 
<1 — 7, or, more generally tm = tTn41 = Ar 
if, during the interval T’ between successive 
impulses, the distance a is reduced by Aa. 
Therefore, since Aa = vT, the speed of the 
reflecting object is : 


pane: (2) 
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Moreover, since according to (1) : 


ha : Ay 
one obtains 
by ga 

iach ps Av == +cF - At=const- Ar, (3) 
where 

it 

ae eam, Lh 

a 


(pulsation frequency). 


Without entering into the question of the 
application of equation (3) from the equip- 
ment point of view, we shall try and show 
how the pulsation must be arranged accord- 
ing to whether one or the other of the two 
possible types of waves are used : acoustic 
and electro-magnetic. If a reliable indic- 
ation is to be obtained, the pulse interval T 
must at least be so great that it is possible, 
during that interval, to measure the initial 
maximum distance, a@maz. In other words, 
T must, according to equation (1), corres- 
pond to the condition : 


] G 2a 
amar Sz Cl => or is iba 


(4) 


On the other hand, the duration of each 
impulse ¢; is governed by the condition that 
the minimum time lag tm at the shortest 
measuring distance, admin, must still be 
capable of being perceived or recorded. 
According to figure | and equation (1), it 
is therefore necessary that : 


2amin 
i tin = Saar eg (9) 


To satisfy the condition pertaining at the 
hump, it is necessary to adhere to the follow- 
ing approximate limit distances : 


amar = 40 m, amin = 2 m. 


One thus obtains a « pulsation ratio » : 


tj Amin 


a Amax 20 ’ 
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With these limiting conditions, one obtains 
the following two forms of pulsation : 


(a) for acoustic waves, c = 340 m|s : 


Damas 80 m 


” ae 
ut ¢.-340 mis é 


2amin 4m 


4 840 ms 


As the pulsation frequency is : 


Foow 4¢)s 


the speed can only be measured about four 
times per second. 


With an initial maximum speed of the 
humped wagons of vmaz © 8 m/s, one thus 
obtains a « measuring section » of : 


Nas Umen = Ll — 8 mys = 0230's eo a 


This section is much too long so that there 
would be far too few measuring points over 
the length of the retarder to initiate and 
carry out a reasonable retardation based on 
such a crude speed measurement. Acoustic 
radar is therefore quite unsuitable for this 
purpose. 


(b) for electro-magnetic waves, ¢ = 3-108 m/s : 
80 m 
i =); =o: A c/s 
3. 108 m/s 267 us; F= 3.75 Mess 
4m 
= Se 
4 3.108 m/s 0.0133 {LS 


In this case, the measuring points are so 
close to each other that the speed can be 
said to be measured virtually continuously. 
On the other hand, the necessary impulse 


duration, which is of the order of Too US 
is so small that it would call for important 
and costly technical apparatus which cannot 
be economically justified. ‘The numerical 
example of the hump thus shows that the 
impulse radar principle cannot be regarded 
as suitable for our purpose. 


2.2. Non-pulsating (continuous) radar and uti- 
lisation of the Doppler effect. 


« Non-pulsating » means « continuous », 
and in the circumstances, the association of 
this term with that of « radar » is not very 
felicitous, though it is commonly encoun- 
tered. A term such as « method of con- 
tinous_ reflection » would no doubt be 
preferable. But the term «radar » is so 
widely used for denoting all the methods of 
measuring over distances based on the reflec- 
tion principle that it is proposed also to use 
it here. 


2.21. The classic acoustic Doppler effect (1). 


There are two forms of Doppler effect. 
The first arises from the fact that, to a 
stationary observer, the sound generated by 
a source of acoustic energy appears to be 
more high-pitched or more low-pitched 
according to whether the source is moving 
nearer to him or moving away from him. 
The second effect is encountered if the 
observer himself moves nearer to, or away 
from, a stationary source of acoustic energy, 
in which case the frequency observed is 
again higher or lower, respectively. The 
two forms of the Doppler effect are charac- 
terised by different mathematical relations 
between the speed of sound propagation, c, 
and the speed v of the observer or of the 
source of acoustic energy. It is not proposed 
to discuss, in this connection, the elementary 
derivations of these relations. But, if f/* is 
the Doppler frequency perceived by the 
observer, and / the frequency of the source 
of acoustic energy, these formulae can be 
written as follows : 


1. Observer stationary; source of sound 
moving : 


(1) Itis worth mentioning that Dorper (1803- 
1853) first stated this principle, in 1842, in relation 
to the deviation towards blue or red of the colours 
of stars, according to whether a luminous star 
moves towards us, or away from us. It was only 
in 1845 that the principle was also applied, by the 
Frenchman Buys-BaLtort, to acoustic oscillations. 
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2. Observer moving; source of sound sta- 
thonary : 


fa =s(1 4°). 


In each of these formulas, the upper sign 
corresponds to the approaching movement 
and the lower sign to the movement away. 
As far as the application to hump shunting 
is concerned, the approaching movement is 
the only one to be taken into account so 
that : 


Si* =f: 


and fit=s\ 1+ “\. 
v c 
| 

c 

If a wagon running down the hump 
receives, from the stationary source of sound, 
waves of the frequency /, the frequency 
generated at the point of reflection (i.e. at 
the wagon = «first observer») is fo*. 
This vibration at frequency />* is reflected 
towards the source where a pick-up micro- 
phone («second observer ») is installed in 
the immediate vicinity and thus receives a 
frequency : 


Uv 
eA l ser 
ooh _ ae 

c C 


If the maximum speed of the wagon is 
assumed to be vmaz =—8m/s, and its 
minimum speed on leaving the retarder 
Umin = 2 m/s, the Doppler factor, for 
c = 340 m/s, becomes : 


v 
1+- 
‘eal Lesa = 1.052 at the maximum 
RS i he fie speed, 
Cc 
and : 
Cada — 1,012 at the minimum speed. 
0.994 


It will thus be seen that, because of the 
small value of a the effect obtained is very 
C 


small. Even so, it could be used if the source 
of acoustic energy were to work at a very 
high frequency, e.g. at ultra-sound fre- 
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quencies which, because of their very short 
wave length, are particularly well reflected 
on the, sometimes rather small, surfaces of 
the wagons. With e.g., f= 30kc/s, one 
obtains a wave length of : 


340 
LS ip AA BR ony 


Ff 30000/s 


If one uses, in the « receiver », the prin- 
ciple of beat reception which yields as a 
beat frequency Af = /,;*—f, one obtains, 
: ee 
since — is very small compared with 1, 

c 


Af=fi* —f=2f-—=6-104-0.025 
e = 1500 c/s 


= 6 - 104 - 0.006 
= 360 c/s 


These are audio-frequencies which can 
easily be amplified and used for the control 
of switching networks. Against this ad- 
vantage, however, there is the drawback 
that there is an unduly long time lag up 
to the moment when the measurement is 
actually put to use so that the wagon has, 
in the meantime, covered a relatively long 
distance. 


OES: 


2.22. The electromagnetic analogue. 


The difference, though small in practice, 
between the two varieties of the acoustic 
Doppler effect is based on the fact that the 
medium «air » has been regarded as sta- 
tionary in relation to radiator or receiver 
which are also regarded as stationary. In 
practice, however, if the air is in movement 
relative to radiator and receiver, other com- 
plications arise which, with violent and 
variable winds, would wholly prevent the 
use of the systern, because of the inaccuracy 
of the measurements. 

In reality, the propagation of electro- 
magnetic waves must be examined with due 
regard to conditions of relativity, i.e. broadly 
speaking, without assuming the presence of 
any stationary medium. Accordingly, as 
is well known, there can be no signal speed 
greater than that of light. 
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Here, again, it is not intended to develop 
the equations concerned. It may merely be 
pointed out that, with the electromagnetic 
Doppler effect, it is quite immaterial 
whether the radiator or the receiver are 
moving (in relation to our sense of orienta- 
tion). All that matters is the relative speed v 
between the radiator and the receiver. With 
ihe same notations as before, the relation 
applicable to this case is : 


As, in this case, the effect is produced 
twice in succession, viz. first at the reflector, 
and then at the receiver placed in the 
immediate vicinity of the radiator, one 


obtains : ‘ 
v i] 
mee easa 
eR 8 i ee Et 
oll lipitor 
ale ¢ 
pos 
C 
bee 


c 


Surprisingly, this result is identical to that 
obtained with the acoustic effect. As ¢ now 


wee : ar. : 
signifies the speed of light, - is obviously 
c 


even smaller relative to 1, and it is possible 
to write : 


i =s(1+22). 


If, also in this case, the principle of beat 
reception is applied, yielding in the well- 
known way the difference frequency of f 
and f,*, one obtains : 

v 


Af=fit —f=2f-—= 9 ai 
by making use of the relation : 


=). 


ae 
f 
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This equation, which may serve as a 
practical basis for the design of a speed 
measuring device, naturally applies exclusiv- 
ely to a radial movement of the reflector in 
the direction of the radiator. If the wagon 
follows a path passing by the side of the 
radiator, it is necessary, as shown in figure 2, 
to introduce the variable cosine of the 
direction. It is therefore advisable to install 
the radiator-receiver device between the 
rails, fitted at a suitably low level. 


BSS SSS AAS SBQVVsAsee 


BSSASSAAS ISS SSSSSASI 


Fig. 2. — Lateral and radial position of the trans- 
mitter-receiver equipment. 


3. Technical design 
of the speed measuring device. 


A speed measuring scheme must take into 
account a whole series of data, some of 
which are governed by physical circum- 
stances, whilst others are influenced by the 
past development and present state of the 
retarder technique. To the first category 
of data belong, first of all, the whole range 
of speeds from vmarx tO Umin as well as the 
ability of the front end of the humped 
wagons to reflect the waves. For, in practice, 
it is necessary to ensure that the very narrow 
frame of the loading area, at buffer level, 
is adequate to provide an intensive reflec- 
tion; this is a horizontal rectangle of about 
20 cm height. Even for this reason alone, 
it is necessary to use very short waves. 

The second category of data comprises 
those parts of the measuring and control 
installation which govern the operation of 
the retarder. For the task of the installation 
as a whole consists in permitting the fully 
automatic operation of hump shunting; i.e. 
the automatic application of the correct 
retardation, both for interval regulation and 
for reaching the desired target point, from 
the hump right down to the classification 
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sidings. Though the different devices 
required for this purpose are not very 
extensive, their working is highly complic- 
ated so that we shall here confine ourselves 
to a more detailed description of the high- 
frequency part of it. 


3.1. The most favourable high-frequency band. 


For reflection purposes, it is necessary to 
use a wavelength which is much shorter 
than the smallest dimension of the reflector. 
It is therefore immediately apparent that 
centimetre waves are the only ones that can 
be used. On the other hand, the Doppler 
difference frequencies Af produced, which 
serve as a criterion for the wagon speeds, 
are also of some importance. The difference 
frequency must neither be too low nor too 
high so that it can be conveniently amplified 
and processed. The relationships are illus- 
trated in figure 3. 


SA 
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Fig. 3. — Doppler difference frequency A/ as a 
function of the speed v of the reflector. 


It will be seen that, with » = 10 cm, one 
obtains difference frequencies ranging, ap- 
proximately, between Af = 20 and 200 c/s, 
assuming a minimum speed of v min= 1 m/s 
and a maximum speed of vmaz = 10 m/s. 
For 4 = 1 cm, one correspondingly obtains 
Af = 200 to 2000 c/s. All these frequencies 
are in the lower audio-frequency range and 
can easily be amplified and used for the 
further circuiting although, generally speak- 
ing, the frequencies below 200 c/s are less 
suitable because of the interference frequency 
spectrum which is always present in this 
range. For this reason, the high-frequency 
type speed measuring devices hitherto known 
have been equipped, for railway purposes, 
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i.e., for the low humping speeds encountered, 
with transmitter-receiver apparatus work- 
ing on a wavelength of approx. 3 cm. Even 
better suited would be waves of the milli- 
metre range, but these are at present still 
giving rise to difficulties with the valve 
generators and mixer valves. Since only a 
« monochromatic » wave radiation can be 
used, one might conceivably select, e.g. a 
«line » from the gas discharge spectrum 
where the wavelength is largely independent 
of external operating conditions. Because 
of the simultaneous action of daylight or 
artificial light, and the always present heat 
radiation, one might for instance use an 
ultraviolet line filtered out from the mercury 
vapour spectrum, though the question of a 
technically practicable mixer stage or an 
equivalent processing system has not yet 
been solved. With these wavelengths, it 
would also be necessary, first of all, to 
examine whether the ability of the wagons 
to reflect the waves and the presumably 
strong absorption encountered during fog, 
etc., are in keeping with the specifications. 
For the time being, therefore, the short- 
wave centimetre band remains the most 
favourable high-frequency range. 


3.2 The high-frequency part. 


On the strength of the principles just 
discussed, the high-frequency part of the 
speed measuring device can be represented 
in the form shown in figure 4. The wagon 
rolling down from the hump approaches 
the retarder at an initially increasing speed 
v, and the radiator-receiver device produces 
a corresponding difference frequency A/. 
The wagon is then slowed down as it enters 
the retarder. As soon as a certain most 
favourable wagon speed is attained, which 
can be pre-calculated from the weight and 
rollability of the wagon, from the distance 
to be covered, and from other influences, the 
braking effect of the retarder jaws is reduced, 
and finally relaxed when the wagon has 
attained the release speed required to reach 
its point of destination. As simple as this 
description may appear to be at first glance, 
it nevertheless presents important problems 
of technical realisation, and calls for rather 
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expensive computing devices which cannot 
be discussed within the framework of the 
present paper. The high-frequency part of 
the installation, required for determining the 
speed, is schematically represented in figu- 
re 5. There are the two antennae for trans- 
mission and reception, the transmitter 
generator, the receiver and mixer diode 
with the amplifier unit connected to it, and 
the amplitude limiter which has the effect 


4.400. 4 60 
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frequency Af proportional to it. The latter 
variable must thus be used exclusively, and 
any other characteristic of the control 
variable must therefore remain ineffective; 
in other words, for an alternating voltage, 
jul = constant. (As far as the oscillation 
phase is concerned, which represents the 
third determinant, there is no need to 
comply with any special conditions as long 
as the evaluation system is indifferent to it.) 


50,00 


Fig. 4. — Gravity hump with retarder and transmitter-receiver 
equipment. 


a = Retarder; 


of ensuring that, in spite of the changing 
reflection conditions, a suitably chosen 
constant output voltage of the Doppler 
difference frequency Af is always available. 
The absolute constancy of this output volt- 
age at audio-frequency is essential, for the 
following reason. 


Any electric control operation must be 
expressable in the form of an amplitude. In 
this case, however, the primary control 
variable v is converted into a difference 


Fig. 5. — High-frequency unit of speed measuring 
device. 

a = transmitter antenna, 

b = receiver antenna, 

¢ = transmitter generator (klystron, 4 = 3 cm), 

d = receiver and mixer diode, 

e 

ie 


l 


= amplifier for the difference frequency, Af, 
= frequency, 
g = amplitude limiter for constant output voltage. 


6 = Transmitter-receiver unit. 


Another possible solution, which does not 
require an amplitude limiter, consists in 
using the amplified audio-frequency voltage 
u (Af), the amplitude of which must attain 
a value of at least several volts at the 
amplifier outlet, for the control of a phan- 
tastron which, in its turn, supplies an 
impulse voltage of constant amplitude, the 
frequency of which is exactly synchronized 
with Af. 


It may here be pointed out that the two 
methods just described are at present being 
tried out in the Soviet Union; the first at 
Leningrad, the other in Moscow. 


Different solutions may also be adopted as 
regards the arrangement of the antennae. 
If, as shown in figure 6, only one antenna 
is used, it is necessary to ensure that the 
relatively high transmission energy does not 
reach the receiver and mixer diode in its 
full strength as the latter would otherwise 
be rendered useless for its task. It is there- 
fore necessary to use a very effective but 
adjustable decoupling device between the 
transmitter circuit and the receiver circuit. 
This may be achieved, for example, in the 
following way. 


One makes use of a « ring circuit » of a 
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5 
total length of L = 5 A. One of its semi- 


circles remains continuous between points 
x; and x4, whilst the other semi-circle is 
divided, by means of two tappings x2 and x3, 
into three sections, each having a length of 


rt As will be seen from the diagram, the 


« receiver » d is disconnected from the trans- 
mitter c because the sections of line between 


A mn 
them have a length of 2 - 4 and 4- 4 res- 


pectively, thus differing from each other by 


the value =, so that they act in phase op- 


2 
position, i.e. remain ineffective, at the con- 
nection point of d, x3. On the other hand, 


ss 


ea 


Fig. 6. — Ring circuit ensuring the decoupling of 
transmitter and receiver. 
a = joint antenna, 
b = antenna equilibrator, 
¢ = transmitter, 
d = mixer diode. 


there are, at this point, introduced voltages 
received by the antenna acting as receiver 
organ. For, the sections of line between 


a 
points x2 and x3 have a length of la 


Xr 
and 5- y respectively, so that they supply 


co-phasal voltages. The equilibration of the 
antenna resistance at the envisaged point x4 
is necessary so that a kind of « bridge 
equilibrium » is obtained. But it is neces- 
sary to resign oneself to the fact that only 
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one-half of the transmitting energy is trans- 
mitted to the antenna, and moreover, that 
only one-half of the energy received can be 
introduced into the mixing circuit. In 
practice, however, there is always, due to the 
circuit design, a residual coupling between 
¢ and d which, as experience shows, corres- 
ponds to a power ratio of approx. | in 1 000, 


and is just sufficient to ensure a favourable 
mixture of f and /,*. 


A similar mode of operation can be 
obtained with the aid of the « direct con- 
nector » known in wave guide technique 
under the name « magic T » which, in the 
same way as a symmetric bridge circuit, 
supplies a decoupled «neutral branch ». 


The technical realisation of the high- 
frequency unit is relatively simple. In 
general, the ultra-high frequency generator 
used for this purpose is an electronically 
stabilized klystron which supplies a few 
hundredths of a watt, i.e. a relatively low 
power. From an energy consumption point 
of view, the method of reflection of centi- 
metre waves is thus very economic, even if 
its overall electric efficiency is very low. 


3.3. The low-frequency unit. 


The low-frequency unit connected to the 
high-frequency unit has the task of trans- 
forming the constant voltage of the fre- 
quency Af into a voltage amplitude which 
is exactly proportional to it, and which is 
subsequently used as a control variable 2, 
« wagon speed ». 


By differentiation, one can obtain the 
deceleration 6 = du/dt. This operation, 
which can be carried out electrically with- 
out difficulty, offers the possibility of 
reducing the brake pressure when a deceler- 
ation determined by practical experience 
has been reached, i.e. initiating a relaxation 
of the retarder and thus maintaining, in a 
more precise manner, the desired release 
speed of the wagon. ‘This function is con- 
trolled not only by the variable Af but also 
by the result obtained by the computer 
which is influenced by other variables such 
as the rollability of the wagons, the track 
layout, the degree of track occupation in 
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the classification sidings, weather conditions, 
etc. This low-frequency unit is housed in a 
service building so that, in contrast to the 
transmitter-receiver equipment, it need not 
be weatherproof. 


4. Conclusions. 


The preceding discussion indicates the 
importance of the investments required to 
set up such an installation and to maintain 
it in good working condition. Inspection 
and maintenance of the equipment, recal- 
ibration, and the checking of the proper 
co-ordination of the different parts call, 
from time to time, for the attention of 
trained and skilled staff. From an economic 
point of view, it is therefore necessary to 
examine to what extent the efficiency of 
major marshalling yards can still be en- 
hanced by such automatic installations, and 
for how long these must be used before the 
capital cost can be retrieved. 


On the other hand, it is necessary to take 
into account that a large marshalling yard 
without automatic installation calls for the 
employment of numerous wagon chasers in 
several shifts throughout the day and night. 
These men have to carry out, in all kinds of 
weather, a difficult and dangerous job 
which they can only perform under condi- 
tions of very high physical fitness. Due to 
the need for uninterrupted intense concen- 
tration and for split-second reactions, these 
men are veritable heroes of work. Our 
aim should therefore be to direct them to 
a more agreeable and more rewarding job. 
For, what has been achieved in this respect 
in modern workshops of the large produc- 
tion enterprises is even more appropriate to 
outdoor work on the railways. 


Summary. 


A description is given of the physical and 
technical potentialities of the reflection 
methods as well as the technical principles 
of the speed measuring installations suitable 
for use in marshalling yards. It is found 
that the best solution available at present is 
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provided by the use of non-pulsating electro- 
magnetic radar based on the double Doppler 
effect. Such installations are already being 
tried out in several countries and have, in 
some cases, already been in_ successful 
operation for a fairly long time. They only 
represent a very small part of a complete 
automatic shunting installation. The latter 
also comprises measuring devices for the 
determination of all the other independent 
variables which must be fed in the form of 
electric data into an electric computer, e.g. 
one designed to calculate the distance to be 
covered by the wagon. 
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New electric multiple-units for British Railways. 


(Trains Illustrated, November, 1960.) 


To provide 25 kV A.C. electric services 
between Manchester and Crewe, over for- 
mer North British lines in the Glasgow 
area, and between Liverpool Street and 
Bishops Stortford, Hertford East, Enfield 
and Chingford, British Railways have plac- 
ed in service or have on order 207 electric 
multiple-units. This total includes units 
already under construction for extensions 
of 25 kV A.C. electrification British Rail- 
ways expect to complete in the next year 
or so, but is additional to the 112 units 
already delivered for the London Tilbury 
& Southend electrification. These 112 units 
have been used so far for testing and crew- 
training on the Manchester and Clacton 
lines and were described in the June, 1959, 
issue. 

The electrification schemes vary consider- 
ably in the type of traffic, the physical 
characteristics of the lines involved and 
their economical scheduled speeds. Ne- 
vertheless, basic performance requirements 
have been standardised and include a 
maximum speed of 75 m.p.h. with half- 
worn wheels and an acceleration rate of 
1.1 m.p.h.p.s. for a four-car unit, or 
1.35 m.p.h.p.s. for a three-car unit. All 
the units are equipped to work on either 
25 or §.25 kV A.C. 


Coach body construction follows the 
usual B.R. practice with 16-gauge steel 
sheets welded to angle-section pillars and 
rails; the sides, ends and roof are indivi- 
dually manufactured in jigs and later weld- 
ed to the vehicle underframe. All vehicles 
are mounted on the  B.R. standard 
63 ft. 5 in. underframe and run on Gres- 
ley-type double-bolster bogies. Practically 
all the electrical equipment is suspended 
from the underframe; the exceptions are 
the pantograph, circuit breaker and_volt- 
age detector, all of which are mounted on 
the flattened portion of the roof over the 


guard’s compartment in each motor coach. 
Buckeye couplers are fitted throughout each 
unit, 

With the exception of the Glasgow stock, 
the coaches are built to the standard B.R. 
« Cl » profile, 9 ft. wide over body at 
waist and 9 ft. 3 in. overall, with side 
swing doors to each seating bay or com- 
partment. The body length varies between 
63 ft. 6 in., in the case of flat-ended inter- 
mediate coaches, to approximately 64 ft. 
over the bowed outer ends of driving 
coaches. The Glasgow stock has sliding 
doors and the coach bodies are built to 
the maximum permitted overall width of 
9 ft. 3 in.; this extra three inches at the 
coach waist affords more room internally 
at seat level. To ensure that the maximum 
width is not exceeded the driver's and 
guard’s swing doors and grab handles are 
slightly recessed in the bodyside. Cavities 
in the coach bodysides, ends and roofs are 
filled with insulating material, such as Fi- 
breglass or sprayed asbestos, to ensure ade- 
quate sound and heat insulation. 

The standard driver's controls comprise 
a reversing handle giving forward, off and 
reverse positions and a master controller, 
incorporating a dead man’s action, with 
four positions — shunt; half voltage; full 
voltage; and weak field. All units have 
Westinghouse electro-pneumatic and auto- 
matic air brakes. The driver’s brake valve 
has seven positions — running; variable 
self-lapping electro-pneumatic leading to 
full e.p. application; Westinghouse air 
brake lap; Westinghouse air brake service 
application; emergency application; and 
neutral. 


Electrical equipment. 


Current is taken from the overhead con- 
tact wire at 25 kV or 6.25 kV by one Stone- 
Faiveley pantograph, and is passed to the 
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(British Railways.) 


Top: Glasgow suburban, Scottish Region. 


Below : Liverpool Street Enfield and Chingford, Eastern Region. 


main circuit breaker and the voltage de 


tector apparatus. An earthing switch formers is in four sections, which are fed 
also incorporated in the H.T. circuit to in series for 25 kV operation or parallel 
afford protection to men working on any for 6.25 kV supply; an electro-pneumatic 
part of 


voltage changeover switch mounted in the 


Ihe primary winding of the main trans- 
is 


the train’s electrical] apparatus. 
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transformer housing is operated by the volt- 
age detector and A.P.C. (Automatic Power 
Control) circuits. The current, now trans- 
formed to relatively low voltage A.C., passes 
to the control equipment through transfor- 
mer tappings on the secondary winding and 
into the main rectifier. Here, although 
the essential function of the control equip- 
ment is identical, the detail control me- 
thods vary between the three types of stock 
in association with the type of rectifier in 
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earth but not energised. ‘To avoid damage 
to the overhead wire and pantographs when 
a neutral section is entered, automatic 
power control, utilising lineside permanent- 
magnet inductors of A.W.S. type in con- 
junction with bogie-mounted receivers on 
the traction units, opens the circuit-breaker 
before the pantograph reaches the dead 
section of overhead line; after it has left 
the neutral section, the circuit-breaker is 
automatically released and closes under the 
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Manchester-Crewe, London Midland Region. 


use. L.T. tap-changing has been employed 
in all units since it is inconvenient to use 
H.T. tap changing and current load on 
the secondary winding is not high enough 
to cause switching problems. 

The method of voltage detection at 
changeover points and the automatic set- 
ting of the transformer to either 25 kV or 
6.25 kV has been standardised both on 
the A.C. locomotives and also on multiple- 
units. (Incidentally, there are no 6.25 kV 
sections on the first portion of electrified 
L.M. main line between Manchester and 
Crewe.) Where changes in phase or volt- 
age occur, neutral sections are introduced 
in the overhead line consisting of three suc- 
cessive short sections of wire, insulated from 


control of the voltage selection equipment. 
This automatic safety precaution is stan- 
dardised to enable a multiple-unit train to 
negotiate neutral sections without the mo- 
torman shutting off, since it is considered 
impracticable to expect him to do so, even 
though it might reasonably be expected of 
a locomotive driver. 

The Glasgow units, for which Metropo- 
litan-Vickers (now part of A.E.I.) supplied 
the equipment, employ four single-anode, 
pumpless, steel tank, air-cooled mercury-arc 
rectifiers supplied from seven transformer 
tappings, with additional transition resistors 
connected in series with a transformer tap 
on alternate notches to give intermediate 


voltages. The four rectifiers are bridge- 
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connected and supply the four D.C. traction 
motors on a permanent series-parallel cir- 
cuit. The electrical equipment supplied 
by G.E.C. for Bishops Stortford/Hertford 
and Enfield/Chingford units comprises eight 
Compak single-anode mercury-arc rectifiers 
arranged in two bridge circuits, each feed- 
ing two traction motors in series. Nine 
transformer taps with two contacts per 
tap, one feeding a series resistance, and 
additional motor field weakening steps, give 
20 notches. 

On the other hand, the Crewe/Manches- 
ter/Liverpool units, for which British 
Thomson-Houston (also now part of A.E.1.) 
were the electrical contractors, have ger- 
manium rectifiers, the first production 
order for this type of equipment on British 
Railways’ multiple-units. The advantages 
of these semi-conductor rectifiers over the 
mercury-arc rectifiers lie in their reduced 
size and weight, their simplicity and the 
avoidance of heaters to ensure satisfactory 
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Layout of a Crewe-Manche 


operating temperatures for the mercury-arc 
type. However, adequate air-cooling is vital 
for the satisfactory function of germanium 
rectifiers. The traction current supply is 
increased by a buck-boost system of control 
through opposed transformer windings in 
which the voltage is stepped up in 17 steps 
from 5 transformer taps in conjunction 
with a tap-changing reactor. 

The axle-hung, nose-suspended D.C. trac- 
tion motors are virtually identical with con- 
ventional D.C. motors, but because they 
have been designed to operate on a rec- 
tified A.C. supply, they are slightly larger 
and heavier and incorporate detail circuit 
modifications. The operating voltage and 
horse-power vary slightly between units be- 
cause of the detail differences in the control 
system and rectifiers. 

To complete the circuit of the transfor- 
mer primary winding an earth connection 
is taken from the transformer to brushes 
mounted on the motor coach axles. The 
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Layout of a Glasgow suburban three-car unit, showing o 
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normal ratings of the units are based on 
a line voltage of 22.5 kV or 5.625 kV. 

In addition to the transformer secondary 
winding for the traction supply, a tertiary 
winding at 240 V supplies A.C. to various 
auxiliary machines, such as the rectifier 
cooling fan or coolant pump, transformer 
circulating oil pump, coach heaters and, 
through a bridge rectifier, the main com- 
pressor. Other auxiliaries, such as coach 
lighting, control circuits, electropneumatic 
brake supply and the auxiliary compressor, 
all of which are required to function inde- 
pendently of the high voltage supply, are 
fed from the unit’s batteries on a 110 V 
D.C. circuit; the batteries are charged from 
an A.C.-driven battery charger. 

In addition to the new units, the exist- 
ing Liverpool Street-Shenfield/Chelmsford / 
Southend stock built in 1949 and 1956 
for the 1500 V D.C. system is being con- 
verted as these lines have been altered for 
25 kV A.C. operation coincidentally with 


the Bishops Stortford and Enfield electrifi- 
cations. New pantographs and transformers 
supply germanium rectifiers similar to 
those employed on the Manchester-Crewe 
sets. The maximum traction voltage of 
1500 V D.C., however, is being retained 
although modifications to some auxiliary 
circuits and the driver’s controls will ensure 
that these units are identical in all other 
important respects with the new 25 kV A.C. 
stock. 


Manchester/Liverpool and Crewe. 


The varied operating requirements of the 
new electrified lines naturally dictate dif- 
ferences on formation and internal layout. 
The two batches of 15 sets for Manchester 
and 20 sets for Liverpool, built at Wolver- 
ton works, L.M.R., are basically similar. 
Each unit is formed of a driving trailer 
open second (with toilet compartments), 
non-driving motor brake second (open in 
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First and second class compartments of a Manchester-Crewe unit. 


the Liverpool units), trailer composite (with 
toilets) and driving trailer open brake se- 
cond, but the outcome of policy and design 
changes during production is that there 
are considerable detail variations between 
the two batches, notably in the window 
design and in internal decor. The internal 


layout of the motor coach differs too; it 
is arranged with eight compartments in the 
Manchester sets and as a seven-bay saloon, 
with correspondingly larger guard’s com- 
partment, in the Liverpool sets. The latter 
units, therefore, have all their second- 
class accommodation in open saloons. The 


Top: A composite trailer 


Below: A motor brake second of 
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a Manchester-Crewe unit. 


a Manchester-Crewe unit. 
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first class accommodation is in three com- 
partments connected by side corridor to a 
toilet compartment. The Liverpool sets 
have one large window 8 ft. 5 1/2 in. wide 
between each two doors in the open. sa- 
loons, instead of the hitherto standard quar- 
terlights used in the Manchester units. 


A new method of fitting the windows 
has been employed on the Liverpool sets 
(and, incidentally, on miniature buffets and 
open second coaches now being built at 
Wolverton). The window comprises a 
separate aluminium frame screwed to the 
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Is easier to operate than earlier designs. 
Fibreglass mouldings form the domed roof 
at the driving ends and the drop roof of 
the motor coach, which joins the elliptical 
section of the flattened portion under the 
pantograph. 

Heating is by 500 W. G.E.C. heaters 
under each seat, thermostatically control- 
led, with general control by the guard. The 
Gresley type bogies are equipped with Tim- 
ken or Skefco roller-bearing axleboxes. 

As to internal decor, the bright finish 
of the Manchester units is in strong con- 


Open second class saloons of a Glasgow suburban unit (left) and a Manchester-Crewe unit (right). 


coach body from the outside, a reversion 
to a practice employed widely in past con 
struction of wooden bodied coaches and of 
some Southern Railway steel-panelled stock. 
The advantage of this is that replacement 
is possible by removing the whole frame 
without disturbing the interior of the win- 
dow surround and adjacent fittings. ‘The 
Manchester units also have separate window 
frames but these are attached to the inside 
in the normal way. 


The side doors are constructed from an 
aluminium casting and a new development 
here is the use of a timber facing inside 
instead of the more usual aluminium sheet. 
The frameless droplights are fitted with an 
improved Beclewat opening catch, which 


trast to the sombre style of the Liverpool 
sets. In the Manchester sets, bodysides 
panelled with walnut veneer are matched 
with end partitions in Warerite yellow, 
door panels of Warerite stardust blue and 
second class seats upholstered in dark green 
uncut moquette. The linoleum is of pi- 
geon-grey marble design. ‘The first class 
compartments are finished entirely in wal- 
nut (except for the ceilings), with blue/ 
black moquette and a charcoal-and-gold 
patterned carpet. 

The Liverpool unit bodysides are also 
finished in veneer — crown elm in the 
second class saloons and Indian silver grey- 
wood in the firsts. The plastic end panels, 
however, are an unimaginative pearl grey 
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and, combined with charcoal lino and the 
same dark-green upholstery as in the Man- 
chester sets, the effect is drab. 


Glasgow suburban. 


The most striking feature of the electric 
units built by Pressed Steel for the Glasgow 
suburban electrification is the complete 
break-away from the traditional side-door 


(British Railways.) 
A new driving control desk 


layout designed for the Man- car unit 


chester-Crewe multiple-units. lighting. 
designs standardised for all British Rail 


ways’ suburban trains so far. The saloon 
layout combined with sliding doors, used 
here for the first time on a British Rail- 
ways design, is by no means new, however, 
and the new Glasgow stock resembles in 
several respects the L.M.S. stock built in 
1939 for the Liverpool-Southport line. 
The new streamlined front end design, 
virtually identical with the 
dard » Diesel 


new « 
end 


stan- 


train front seen for 
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the first time on the Swindon-built Hull- 
Liverpool « Inter-City » sets, is a con- 
siderable improvement over earlier types. 
An important feature here 1s the provi- 
sion of a glass partition between the pas- 
senger saloon and driver’s compartment 
allowing passengers a forward view, a po- 
pular selling-point of Diesel trains but 
inexplicably absent on electric trains until 
now. 


(G, BE. Cy 


The interior of an open saloon in an Eastern Region three- 
for 


the Great Eastern Line. Note the fluorescent 


The three-car sets, which are second class 
only, are formed of a non-driving motor 
coach, including a guard’s compartment, 
sandwiched between two driving trailers, 
one of which carries the unit’s batteries. 
Internally, the coach walls and doors are 
faced with Formica plastic panels of decor- 
ative blue and grey, with polished African 
walnut timber surrounds to the vestibule 
partitions. Seats are covered in patterned 
moquette, in various colour schemes. ‘The 
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units have transverse seats, two and three 
astride the passageway with single or 
double longitudinal seats alongside the two 
entrance vestibules in each car. 


Great Eastern suburban. 


The stock for the suburban electric ser- 
vices from Liverpool Street to Hertford 
East, Bishops Stortford, Chingford and En- 
field to be introduced on November 21 and 
built in British Railways’ works at York 
and Doncaster, comprises two types of unit : 
four-car outer suburban sets including first 
class and toilet accommodation; and _ three- 
car inner suburban, second class only sets. 
The four-car units are formed of a bat- 
tery driving trailer, lavatory open second, 
non-driving motor brake second, trailer 
lavatory composite (with second class 
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accommodation open), and driving trailer 
second; in general layout they conform to 
the existing four-car A.C. units for the 
London, Tilbury and Southend line. The 
three-car units for the Enfield and Ching- 
ford lines are formed of a battery driving 
trailer second, non-driving motor brake 
second and driving trailer second, all with 
saloon accommodation. The front end 
design of both types of unit is identical 
to that employed on the Manchester-Crewe 
stock. Large side windows in the Enfield/ 
Chingford sets and the use of low-back 
seats as in the Liverpool-Crewe sets com- 
bine to give passengers a good view, but 
unfortunately no forward prospect through 
the driver's cab. The interior decor of 
both types of unit has been specified by 
the B.T.C. Design Panel; plastic-faced 
panels and wood veneers set off the decor- 
ative moquette seating. 
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Costing on the French National Railways, 


by Raymond Larticue. 


(Annales Suisses d'Economie des Transports, No. 3, 1960.) 


I. GENERAL 


The railway is not an industry with a 
given production : it assures many extremely 
varied services and the problem of costing 
its transport is extremely complex. 


The total passenger and goods traffic of 
the French National Railways Company 
(S.N.C.F.) represents every year hundreds 
of millions of transport jobs each of which 
has a dinstinct cost price, corresponding to 
different combinations of a great many 
variants. Amongst these we may mention : 


— the transport distance; 


— the method of traction (steam, electric, 
diesel) ; 


— type of rolling stock used; 

— coefficient of user of the rolling stock; 
— the coefficient of unbalance of the traffic; 
— the importance of peak traffic; 

— the profile of the lines used. 


The object of costing railway transport is 
to determine the expenses of each category, 
sub-category or traffic operation, as well as 
that of the various operating requirements. 


The calculations are generally concerned 
with existing traffic, but may also bear on 
new traffic. 

The application of classic methods of 
costing used in industry would involve very 
considerable administrative and account- 
ancy work, so that it appeared preferable to 
perfect some particular methods designed 
specially for the railway to determine both 
the average general cost and the particular or 
individual costs. 

The activities of the railway as a manu- 
facturer of spare parts and repairer of stock 
also require calculations of the cost, but 


these latter can be carried out on the lines 
currently used in industry, and will not be 
dealt with in the present article. 


The difficulty of calculating the transport 
costs on the one hand and the monopoly in 
fact which the railways enjoyed on the other 
hand led them to neglect calculating their 
costs for a long ume. 


The first large scale studies in this field 
were carried out soon after the first world 
war in the United States and Germany. 


In the United States a complete method of 
costing was perfected by a section of the 
Research Office of the Interstate Commerce 
Commission (I.C.C.) (1). 


These calculations rested on two 
portant bases : 


im- 


— a very detailed accountancy plan which 
allowed of a complete and detailed 
classification of the expenses, 


— a statistical plan, 


the application of which was made oblig- 
atory by the I.C.C. on all Class I railways 
(annual receipts exceeding 1 000000 dol- 
lars). 


As a first stage, rules for allocating the 
expenditures of an exclusively accountancy 
character were laid down by the I.C.C.; 
it then studied the problems of the extremely 
arduous industrial analysis involved in 
calculating individual costs. 


The distinction between fixed costs and 
variable costs made it possible to determine 
simultaneously the marginal costs and total 
costs, as well as studying the influence of the 
different factors on variations in the costs. 


(1) See the review « Transports », January 1959. 
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It is already more than thirty years since 
the German Railways began regularly to 
divide up their costs for each working year 
between the different services. 


Very detailed instructions give the me- 
thods to be used : 


— on the one hand, for calculating the 
general average costs, known by the 
abbreviation « Beko », 


— and on the other hand, for calculating 
the cost of running a train, known as 
« Zuko ». 


The use of graphs consisting of a series 
of curves made it possible to simplify the 
work carried out to begin with from complex 
formulae with a large number of parameters. 


The diagrammatic map of the system 
known as the « Pfennigkarte » which is 
prepared each year, which to start with gave 
the cost per gross ton-km per section of line 
and per category of train, has been replaced 
by « Comparative maps of operating costs 
of through goods trains ». 


The Convention of the 3lst August 1937, 
concerning the constitution of the S.N.C.F., 
making it obligatory for them to divide up 
their costs between the different categories 
of traffic, meant that calculating the costs 


was one of the first problems which the 
S.N.C.F. had to try and solve. 


The study was confided to the Technical 
Department of the General Management, 
which has since become the General Studies 
Management, which under the leadership 
of its eminent Manager René DuGas pre- 
pared a method of calculating the average 
costs, which was applied for the first time 
to the results of the year 1938, 


This method, after having undergone 
various successive improvements, was used 
to carry out general studies of the costs in 
1948 and 1954; a new study is in hand at 
the present time, which will deal with the 
results of the year 1959, 


In 1946, the Management Committee of 
the U.J.C. decided to entrust to a special 
Sub-Commission of the I1Ird Commission, 
the elaboration of a method of costing rail- 
way transport. 
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This Sub-Commission, under the Chair- 
manship of the Netherlands to begin with 
and later on of France (1), carried out the 
important work which led to the public- 
ation of a series of advisory leaflets. 


Amongst those dealing directly with rail- 
way transport costing, mention may be 
made of : 


Leaflet 374 : Principles to be observed 
in calculating the general average costs 
and special costs; 

Leaflet 375 : Transport costs for full 
wagon loads. Study of the laws of 
variation of these costs; 

Leaflet 376 : Cost of sundries goods 
traffic. Study of the laws of variation 
of these costs; 

Leaflet 378 : Application of the costing 
of passenger traffic in studying the laws 
of variation of these costs. 


The development of competition from 
other methods of transport has made it more 
and more necessary to fix tariffs based on 
the costs, so that nearly all the Railway 
Administrations of Western Europe have 
been led to carrying out costings based on 
the methods recommended by the U.J.C. 


The Belgian National Railways Company has 
carried out costings for some twenty years; 
like the S.N.C.F., they use a method very 
similar to that of the U.I.C. 


The Swedish Railways have also studied 
very closely the problem of costs. The 
dividing up of the costs does not seem to 
them to be of great value, as well as calcul- 
ation of the average costs, and it seems to 
them more useful to calculate the particular 
costs relating either to a given transport or 
to one group of traffic. 


The Netherlands Railways who, as soon as 
they began to study this matter, adopted 
the method known as «standard costs », 
continue to use this method which instead 
of dividing up the real costs, determines the 
unit costs of « standard costs » of each ser- 


(1) Since 1949, the Chairman has been 
Mr. Froc, Assistant Head of the General Studies 
Department of the S.N.C.F. 
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vice corresponding to the necessary and 
inevitable expenses. 

The European Economic Commission (C.E.E.) 
of the Economic and Social Council of the 
United Nations has also studied the problem 
of transport costing. It has perfected a 
standard accountancy method for Railway 
Administrations, the application of which 
must necessarily be progressive, since most 
Administrations are bound to their Govern- 
ments by legal or agreed obligations which 
will not allow them to modify their account- 
ancy methods as they please. 

The C.E.E. has adopted a method of cal- 
culating railway transport costs based on 
that perfected by the U.J.C. and it has 
studied the problem of the variation of these 
costs as a function of the useful load of the 
wagon and the distance. 

The studies have also covered costing 
transport by road and water. 


Il. CALCULATION OF THE 
GENERAL AVERAGE COSTS 


The calculation of the general average 
costs consists of dividing up the expenses of 
a given year (operating expenses and finan- 
cial charges) between the various traffic or 
operating items of the year in question. 

It consists of three distinct phases : 

(a) The determination of the whole of the 
operating items; 

(b) The allocation of the expenditures be- 
tween the various operating items; 

(c) The determination of the cost of the 
various traffic items. 


|. Determination of the items covered 
by the year. 


Of all methods of transport, the railway 
is the one which has the most complete 
statistical documentation. 

The statistics form one of the essential 
elements in ascertaining the average general 
costs. On the S.N.C.F., they give for each 
year : 

— the traffic : passengers carried, passenger- 
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km, tons carried, tons-km per category 
and sub-category of traffic; 

— the operating : mileage and gross tons- 
km hauled for each of the 6 Regions and 
following 17 categories of trains : 

In reality, taking into account the sub- 
division according to the method of traction 
(steam, electric, diesel) there are 71 cate- 
gories of trains to be covered in calculating 
the general average costs. 

These calculations also take into account 
a great many other statistics, amongst which 
may be mentioned : 

— the number of employees per depart- 
ment; 

— the stock of traction and rolling stock 
hauled per category; 

— fuel consumption; 

— lengths of line per category; 

— number of wagons loaded; 

— the kind of traffic. 


For the year 1958, the traffic items were 
as follows : 


— Passengers-km (in millions) 


— suburban 4 350 
— main line . 27 950) 
32 300 
— Tons-km (in millions) 
— parcels 250 
== SUNCTICS ay te alia Je 1 050 
— full wagon loads RA 5 500 
— full wagon loads RO 46 100 
— Units-km (in millions) 85 200 


and the operating items : 


2. Determination of the costs. 


The costs are the subject of detailed 
allocations. The accountancy nomenclature 
of the Operating Account groups them in 
10 chapters under 197 items : 


— Chapter 0 : Employers’charges; 

— Chapter | : General Administration and 
general costs; 

— Chapter 2 : Operating; 


266 


COMMERCIAL TRAINS 


1. Passenger trains 
Fast and express trains 
Through trains . 
Stopping trains . 
Suburban trains. 
Railcars 
— fast and express . 
— through. 
— stopping 
— suburban . 


WN 


Onn 


2. Parcels trains 
Through parcels trains . bf 9 
Stopping parcels trains. . . .. . 10 


3. Goods trains 
Through goodsitraimsie. = Gee 19] 
Stopping goods trains. ..... 12 


Empty trains 

Passenger trains 
SS ginnyeibowl Violets Myer, Be a Hl | a: 
=" SUDHA «axis Ake Sn 14 
GrOOdS#trains eae. eee ee ee 15 


Service trains 
Passe ReLNby [yeu aan ttntenten ane 16 
Goodsitype ie. ee ee 17 


— Chapter 3 : Traction and Rolling Stock; 
— Chapter 4 ; Permanent Way and Build- 
ings; 


aN 


— Chapter 5 : Electric Power; 
— Chapter 6 
— Chapter 7 


: Marine Department; 


departments and Third 
Parties ; 

— Chapter 8 : Renewal costs. 

— Chapter 9 : Financial charges and other 

miscellaneous charges. 
Chapter 0 is in principle balanced at the 

end of the year by the credits under different 

headings. In fact, abnormal expenditure on 
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Steam ; out Electric 
locomotives Electric oco- ae hai. 
loco- me motor | cars 
motives} an coaches 
Fuel Coal cars 
VE vchivit Vensis Bla I 2h) Bae _ 
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— Ve 1 El — Ea 14] A 14 
VE1S..).. Youd El 15 D 15 Ea 15 — 
Vf 16 | Vc 16} El16 D 16 Ea 16 A 16 
VE LTE Y Vode} ELIZ D TA 7. lena 


pensions which is the subject of reimburse- 
ment from the State comes under this 
chapter. 


‘The items are divided up into subdivisions, 


headings and paragraphs, each heading 
covering five paragraphs : 

§ 1 — Staff; 

§ 2 — Establishment and divers; 

§ 3 — Materials; 

§ 4 — Various costs; 

§ 5 — Shared costs. 


The accounts are therefore an extremely 
complete documentation. However they 
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Train runs 
(in millions of km) 
Commercial trains 


Empty and service trains . 


Total . 


Gross tons-km hauled 
(in thousand millions) 
Commercial trains : 
Empty and service trains . 


Total . 


record the real expenses, whereas the costs 
must be based on the normal expenses. Cor- 
rections therefore have to be made to the 
real costs in order to «normalise » them, 
especially in the case of costs relating to 
maintenance and the renewal of the per- 
manent way and installations and sinking 
fund charges for the rolling stock. 


3. Allocation of the expenses as between 
the various categories of traffic and 
trains. 

The expenses are allocated by article and 
by group of articles between the traffic items 
and categories of trains, according to the 
nature of these costs : 

— directly; 

— by the use of keys which take statistical 

data into account; 

— by the use of spot checks; 

— by applying contractual rules. 

For the main expenditure headings, the 
methods of allocation adopted are as follows: 


Chapter 4 (Operating). 


The two most important headings under 
this are those of stations and trains. 
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Passengers trains 


The allocation of station expenditure in- 
volves 2 stages : a first breakdown between 
the three great classes of traffic : passengers, 
goods by accelerated services; goods by 
ordinary services, followed by a sub-break- 
down between categories of trains. 

The allocation of the station staff expenses 
is done by starting from the numbers used 
for each category of traffic, these being 
determined by a spot check covering all 
the unclassified and main stations. 

At each of these stations, the permanent 
regular staff and auxiliary staff are divided 
up amongst different headings : 

— Management; 
— ‘Traffic; 

— Passengers; 
— Luggage; 

— Handling; 
— Office; 

— Shunting. 

For each heading, the costs are estimated 
taking into account the daily wage of an 
average grade employee in the section in 
question and the charges are broken down 
and converted by means of coefficients of 
ponderation into charges equivalent to the 
charge chosen as reference. 


268 


In the case of the heading « passengers » 
for example, the basic work is the issue of 
tickets and the number of tickets issued are 
modified using the following coefficients of 
ponderation : 


— printed or machine issued tickets . | 
== plato tickety |. 2. n= se 
— all-stations ticket 

Gntemoal trafic). qa. 12> wey 2 
— all-stations ticket 

(international trafic) ..... 5 
2 Weeklyseasomy ot.'. 2). que - al 
=— Ordinary season. |<. 2. ce >) AU 
= seat reservation ticket .. .... @ 


In this way, it is possible to obtain, for 
each heading, the average unit cost of 
each work. 

Dividing up by category of trains the 
cost of accompanying the trains as well as 
the cost of checking and inspecting, are done 
by means of checks carried out by breaking 
down the duty sheets of the train staff. 


Chapter 3 (Traction and Rolling Stock). 


The allocation of the costs of the Traction 
and Rolling Stock Department is facilitated 
by detailed accountancy statements by very 
complete statistics relating to the user of 
the staff and rolling stock and by studies of 
the « kilometric cost of traction », which 
give the breakdown of the costs for each 
series of motor units or hauled rolling stock. 


In the case of the motor units : 
— steam locomotives; 
— electric locomotives; - 
— electric rail motorcoaches: 
— diesel locomotives and motor units: 
— railcars; 
the mileage and gross tons-km hauled are 


got out for each Region, for each category 
of train and for each series of locomotives. 

The kilometric costs per series of loco- 
motives, broken down into labour and 


materials, are determined under the follow- 
ing headings : 
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— periodic overhaul; 

— non-periodic overhaul; 

— driving and service in the sheds; 

— power; 

— various 
ation). 


consumptions (water, lubric- 


In the case of the passenger rolling stock 
(coaches and railcar trailers), the kilometric 
cost of periodic and non-periodic main- 
tenance, broken down into labour and 
materials, are determined for each series of 
vehicles. 


In the case of the goods rolling stock 
(wagons and vans), it is the average annual 
cost per category of stock which is esta- 
blished. 


The maintenance costs of traction stock are 
divided up for each Region between the 
different categories of trains, starting from 
the kilometric cost per type of motor unit 
and the mileage of each category of trains. 


The maintenance costs of the passenger rolling 
stock are allocated for the whole of the 
S.N.C.F. starting from the kilometric main- 
tenance costs per series of vehicles and the 
vehicles-km of each series per category of 
trains. 


The maintenance costs of the goods rolling 
stock are also allocated for the whole of the 
S.N.C.F. starting from the results of checks 
giving the average composition of the 
different categories of trains. 


The costs of driving are first of all divided 
up between the «line » and « shunting » 
services. The «line » costs are allocated 
between the categories of trains from checks 
carried out by breaking down the rosters of 
the driving staff which gives the average 
mileage per set of men or the average 
number of men per set, and takes into 
account the average hourly cost per set of 
enginemen. 


The dividing up of the cost of power is 
done : 

— in the case of steam locomotives : 
according to the consumption per train- 
km given by formulae established per 
category of train as a function of the 
gross tonnage hauled per train; 
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— in the case of electric locomotives : 
according to the consumption based on 
the average consumption per gross ton- 
km per category of trains; 

— in the case of diesel locomotives, electric 
rail motorcoaches and railcars : from the 
consumption obtained from the average 


consumption per km for each type of 


engine and each category of trains. 


Chapter 4 (Permanent Way and Buildings). 


The costs of the Permanent Way and 
Buildings Department are divided up per 
method of traction between the different 
categories of trains according to either the 
gross ton-km or the train-km as modified by 
the coefficient of ponderation. These coef- 
ficients are got out from the unit costs per 
category of line. 


Lines of category 1 A (lines with heavy 
fast and express passenger traffic) have costs 
per km of line 18 times greater than those 
for lines of category 4 B (coordinated lines 
with light goods traffic) but their traffic is 


Steam locomotives, type 141 R 
Electric locomotives : 

— express type BB 9200, | 500 V 
— mixed, type BB 9400, 1 500 V. . 
— express type BB 16000, 25 000 V 
— mixed, type BB 16500, 25 000 V. 
Diesel locomotives : 

— 060 DB, | 800 HP. 

825 HP railcars 

Passenger coaches 

Covered wagon 

High-sided wagon 


4. Results. 


The average general overall costs are deter- 
mined : 


— per category of traffic; 


— per category of trains. 
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110 times greater, which results in the costs 

per gross ton-km being one sixth lower. 

As regards the financial charges, the alloc- 
ations are made : 

— in the case of charges for the rolling 
stock, on the basis of the theoretical 
annual renewal cost calculated from the 
value of the renewal of each category of 
rolling stock and its normal life; 

— in the case of charges for building, 
supplementary work, etc., on the basis 
of the expenditure on the permanent 
way, buildings, and various installations; 

— in the case of charges for electricity, on 
the basis of the consumption of electric 
power; 

— in the case of charges for supplies, on 
the basis of the cost of fuel and the 
expenditure on materials for maintain- 
ing the rolling stock and fixed instal- 
lations. 


The unit values (1958 prices) and the 
normal life in the case of the main categories 
of rolling stock are as follows : 


Life 
(in years) 


Price 
millions) 


The processus of the calculation can be 
shown in diagrammatic form as below 
(fig. 1 and 2). 

The costs per category of traffic are obtained 
after regrouping : 

(a) the expenses directly allocated to the 
different categories of traflic; 
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(b) expenses other than the above which 
have been allocated to the categories of 
trains, after being divided up between 
the categories of traffic, 


making the quotient of the total expenses 
by the corresponding services. 


In presenting the results, the expenses are 
regrouped under the following headings : 
Operating expenses : 


General administrative and general ex- 
penses. 


Operating Department : 
— divisional costs and miscellaneous; 


a 
7 
7 
Dr 
om) PDD 


Trains de 
MY Voyageurs 

—“ ms 
Oram | | Otsy 


Trains de 
marchandises 


Trains 


Dy Average general 
= | costs of the pas- 
| senger-km. 


Number of passengers-km 


Fig, 1. 
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— stations; 
— train crews. 


Rolling Stock and Traction Department : 


— divisional and diverse costs; 
— maintenance of traction stock; 
— maintenance of rolling stock; 
— driving the motor stock; 

— fuel, water, lubricants. 


Permanent Way and Buildings Department: 


— divisional and diverse costs; 
— inspection; 


D = Total costs to be divided up; 

D; = Costs divided up directly between 
categories of traffic; 

D; = Costs divided up directly between 


categories of trains; 


Di», Dim = Subdivision of D; between pas- 
senger and goods traffic; 


Dy + Dy + Dy3... Dpn = Subdivision of Dz 


between categories of trains 1, 2, 3, 4, 


seer 
Dy3», Dz3m = Division between passenger and 
goods traffic of cost for the mixed 


trains D;3; 


Dy», Drm = Regrouping of the costs of pas- 
senger and goods trains; 


D, = Div + Dy» Passenger traffic costs; 


Dm = Dim Dym —— Goods traffic costs. 


Average general 
costs of the ton- 
| km. 


Dm | 


Number of tons-km 


— Diagram of calculating the average general costs. 


(Divided up per category of traffic) 
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— maintenance of the track, bridges and 
subsidiary installations; 

— maintenance of buildings and various 
installations. 


Financial charges : 


Charges for the traction stock; 
Charges for the rolling stock; 


4 
af 
7 


a 
a 
a 
fn 


‘\ 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


a 
E- i Ots ‘ Dr | Dts i Ore | On 


271 


(a) The expenses allocated directly between 
the various categories of trains; 


(b) Expenses other than the above which 
have been allocated between the cate- 
gories of traffic, after having been divided 
up amongst the categories of trains. 


The necessary corrections are made to 


D = Total costs to be divided up; 


D; = Costs divided up directly be- 
tween categories of traffic; 


Dz = Costs divided up directly be- 
tween categories of trains; 


Dt», Dim = Subdivision of D; be- 
tween passenger and goods 
traffic; 

Dy2, ... Drn = Subdivision of 


D,; between train categories 
Nd Sard, Oe Leen 


Dr, 


sx 
x 
\ 
Trains de Trains Trains de Ops D Ip al 
1 i MV voyageurs 1 ae LP A tm4 
~ I oe oa I | . els crepagrt i Subdivision of Diy», Dim be- 


=i 


tween train categories 1, 2, 
By meas 


Pons +s Dj = Divi ay at == (Ost 

’ of trains of category 1; 
3 oe Oi ig Ney a eee 
D. | D3 = Div3 =~ Dz3 =e Dim3 3 
D; D4 = Dimg + Dyg = ———— 4. 

Av - Average 
D : naa D, general cost 
= poke the eee aS ait 
fe x ton-km haul- 
Numb. of trains-km of cat. | train-km Numb. of gross tons-km hauled of cat. 1 Rais ate 

of cat. 1. ene oe 

Fig. 2. — Diagram of the calculating of average general costs. 


(Divided up per category of trains) 


Charges for building and supplementary 
work; 

Charges for electrification ; 

Charges for supplies. 


Taxes on the receipts : 


The costs per category of trains are obtained 
in a similar manner by regrouping : 


include in the expenses of the different 
categories of traffic, expenses in connection 
with service transport (fuel, ballast, sleepers, 
various materials). 

A further stage in the calculations makes 
it possible to determine the costs per sub- 
category of traffic : 

— passengers for each class; 
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— luggage; 

— parcels; 

— sundries; 

— full loads RA (fast regime) ; 
— full loads Ro (slow regime) ; 
— rakes of wagons; 

— complete trains; 


and to prepare the balance sheet for certain 
categories of trains : 


— T.E.E. trains (Trans-Europ-Express) ; 
— stopping passenger trains; 


— complete trains of privately owned 


wagons. 


5. Closing the balance sheet of the costs. 


A correct calculation of the costs must 
give a guarantee of closure, i.e. for each 
category of traffic the sum of the expenditure 
corresponding to each division of the ton- 
nage and mileage must be equal to the 
total expenditure for the category of traffic 
under consideration. 

The average general costs of a category of 
traffic corresponds to the barycentric costs 
of each section of distance or load. 

It should be pointed out that this bary- 
centric cost does not coincide with the cost 
of transport over the average distance by a 
wagon whose tonnage is equal to the aver- 
age load. 

The general average costs therefore have 
an abstract significance and differ from the 
real costs corresponding to the average 
traffic characteristics. 

The coefficient of closure for each cate- 
gory of traffic is determined by making the 
quotient the barycentre of the estimated 
costs and the real average general costs. 
This coefficient takes into account both the 
barycentric error due to the approximation 
of the laws of variation of the costs adopted 
and the material approximations of the 
different calculations. 


6. Calculation of the average general 
marginal costs. 


The average general marginal costs of a given 
category of traffic can be defined as the 
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quotient of the variation of the expenses 
corresponding to the variation in the volume 
of traffic considered (1). 


To carry out such a calculation, it is 
necessary to know the importance of the 
variation in the traffic, as well as the refer- 
ence position from which the costs should 
be calculated : degree of saturation of the 
fixed installations, possibility of improving 
the user of the stock, existence of excess 
labour. The variation in the expenses due 
to these data depends moreover on the 
degree of adaptation of the operating 
facilities to the level of traffic. 


In practice, it is admitted that certain 
adaptations to the traffic will be carried 
out in the near future if this has to be 
stabilised. Simply by pensioning off and 
writing off, momentary surpluses in labour 
and rolling stock can be overcome within 
a few years, and it is logical to consider 
under these various headings that the 
position is one of full user, even if this does 
not correspond to the immediate reality. 


The average general marginal costs effect- 
ively calculated correspond in general to 
the costs for the additional traffic which the 
railway could carry with its existing instal- 
lations, labour and rolling stock taken as 
being strictly adapted to traffic requirements. 


To estimate these additional costs, an 
analysis is made item by item of the factors 
making up the average general costs in 
order to determine : 


— those which are practically invariable; 

— those which vary proportionally to the 
volume of traffic; 

— those which vary with the traffic, but 


according to a different law than mere 
proportionality. 


The main items of expenditure which do 
not come under the marginal costs are those 
of the following headings : 

— General 
costs; 


and 


regional administrative 


(1) See article by M.R. Hurrer in the February 
1960 issue of the Revue Générale des Chemins de Fer 
(Dunod, publisher). 
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— Inspection of the permanent way; 

—— Maintenance and renewal of buildings 
and bridges; 

— Financial charges in connection with 
building and electrification. 


The items of expenditure to be taken into 
account in calculating the overall and mar- 
ginal average general costs are shown in the 
following table, after regrouping of the 
expenses under the 25 headings adopted by 
the C.E.E. (see table on next page). 

In the case of items which include labour 
costs, the total costs take into account the 
total social and insurance charges (direct 
charges, indirect charges and fixed charges) 
and the marginal costs only the direct and 
indirect social and insurance costs but not 
the fixed charges. 

The average general costs are determined 
in this way per category and sub-category 
of traffic, taking into account all the costs 
which vary with the traffic. 


7.Laws of variation of the average 
general costs as a function of certain 
parameters. 


It is important to know the law of disper- 
sion of the costs as a function of the various 
parameters, in particular those which affect 
the tariffs. 

The variation of the costs of the different 
categories of goods traffic is established as a 
function of the paying distance, d and the 
weight of the consignment, c. All the other 
parameters, which come into the calculation 
of the costs (method of traction, profile of 
the line, tonnage of the trains), are taken as 
being constant and equal to the average 
value for the whole of the traffic in question. 

The laws of variation are obtained by 
taking the sum of the laws of variation of 
each of the items of expenditure, as a func- 
tion of the parameters d and c. 

These laws can be defined by using the 
results of checks made on the turn round of 
the wagons carried out in April 1958, which 
in particular made it possible to find out : 
— the laws of variation of the mileage of 

the pick-up trains as a function of the 
total mileage; 
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— the laws of variation of the number of 
marshalling yards on the run as a func- 
tion of the transport distance. 

In the case of wagons sent by ordinary 
slow goods trains (RO), the average number 
n of marshalling yards on the run, as a func- 
tion of the transport distance d, is : 


— in the case of loaded wagons : 


vd 
Per 


— in the case of empty wagons : 


_1e 
eye 


n 


These variations are shown on the graph 
given below (fig. 3). 

In the case of traffic in full loads sent by 
ordinary slow goods (RO) from station to 
station, the costs can be broken down into : 
— expenses in connection with the terminal 

operations on arrival and departure 
(clerical work, checking, stabling of 
rolling stock) ; 

— expenses in connection with marshalling 
(marshalling and stabling the rolling 
stock) ; 

— running expenses. 

Taking into account the average percent- 
ages for return and empty runs of the 
wagons, the turn round of the wagons r, 
as a function of the paying distance d, is 
given by the formula : 


r = 4.77 + 0.43 9/d + 0.0024 d 
and the average general cost per useful ton 
(in indices) is : ie 
482 + 1.53d+ 42° d 
P SF 8 £0 (ORF eee eV 


C 
for d > 80 km 
4 
with P = asd for d = 0, 
C 


which leads to the variations in the costs 
shown in the following graph (fig. 4). 
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Items of expenditure 


General administration and general costs. 
Other general costs 
Social and insurance costs 


Taxes : 


— Taxes borne by the railways. . . ; 
— Taxes collected on behalf of the State. 


Commercial and diverse charges 
Compensation for accidents 

Terminal operations at stations . 

Handling 

Shunting . 

Other station expenses . 

Train staff . 

Haulage . ‘ 

Service in sheds and preparation of traction 
units 


Driving 

Fuel or power 

Lubrication and diverse 

Maintenance and repair of traction stock. 
Maintenance and repair of rolling stock é 
Sinking fund and renewal of traction and rol- 
ling stock 


Inspection of permanent way, maintenance and 
renewal of the track and structures 


Maintenance and renewal of the station instal- 
lations, depots and shops, buildings and ser- 
vice accommodation. : 

Maintenance, renewal and inspection of ‘fixed 
installations for electric traction. 

Signals and telecommunications . 

Financial charges . 

Funds held debited to the operating account, 
other sinking fund and renewal charges 


overall 
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Costs 
Remarks 


marginal 


The labour costs un- 
der each heading are 
increased by these 
amounts. 


The _ receipts 
reduced by 
amounts. 


are 
these 


t’;3 corresponds to 
the cost of prepar- 
ation of the traction 
units. 


t;9: renewal charges; 
t'19 interest and 
sinking fund charges. 


t’x9 corresponds to 
costs due to wear of 
the track. 
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The costs therefore show a decrease with 
the distance which is due mainly to the 
variation in the number of marshalling yards 
run through. 


The fanning out of the costs of goods 
transport is therefore very marked : the 
cost per ton-km for carrying a 20 kg parcel 
25 km is about 200 times greater than that 
of carrying heavy goods in complete train 


loads of 1 800 tons-1 000 km. 


Nombre de 
triages 
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I being the index of variation of the 
prices as between the years A and B, 


f (t) the law of variation of the cost a as a 
function of the traffic, and 


k the coefficient of balancing closure. 
The indices used are : 


S = «staff» index (annual cost of the 
average employee) ; 


M = «materials » index 


(index of the 


N. B. — Nombre de triages = number of times marshalled. — Wagons chargés = loaded 


wagons. — Wagons vides = empty wagons. — Distance de transport (en km) 


port distance (in km). 


8. Indexing the costs. 


In periods of relative stability of prices 
and traffic, it is not necessary to make a 
new calculation of the average general costs 
each year. 

The costs for the year B can be obtained 
from those for the year A by a method of 
indexing. 

To the cost a for each of the items of 
expenditure for the year A corresponds a 
cost b for the year B, so that : 


b=a-I1-f (t)-k 


trans- 


cost of materials consumed by the 


S.N.C:F.); 

C = «fuel» index (cost per ton of coal 
on the tender) ; 

E = «electricity » index (cost of high ten- 
sion kWh at the substation entry) ; 

G = «diesel fuel » index (cost per kg of 
diesel fuel) ; 

R = «rolling stock » index (cost of trac- 


tion and rolling stock) ; 


F = «financial charges » index (cost of 
the financial charges of the S.N.C.F.). 
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This method makes it possible to deter- 
mine the costs relating to a period the 
traffic and price characteristics of which are 
known. It can also be used to calculate the 
provisional costs corresponding to the bud- 

Prix de 


revient 
(en Indices) 


Fig. 4. 
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lI. CALCULATION 
OF PARTICULAR COSTS 


When the average general costs are made 
by the analytical method, calculations of 
particular costs have a synthetic character. 


Lois de variation en fonction de: 
—la distance de taxation d 
—la charge utile du wagon c 
pour des transports par wagon complet RO de gare a gare 


500 600 700 800 


— Average general overall costs per useful ton. 


N. B. Prix de revient (en indices) = cost price (in indices) — Lois de variation en 


fonction de ; 
- fare stage d 


slow goods (RQ), station to station. 
(in km), 


gets got out from statistical and accountancy 
estimates. 


The method is used for calculating the 
average general costs and particular costs, 
both overall and marginal. 


laws of variation as a function of : 
- la charge utile du wagon c 
transports par wagon complet RO de gare A gare = 


- - la distance de taxation d 
- payload of wagon c — pour des 
for full wagon loads, ordinary 


Distance de taxation (en km) = rated distance 


They may cover : 


— either traffic to or from given stations; 
— or all the traffic in one kind of goods or 


group of goods, coming under the same 
tariff for example. 
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Calculating particular costs includes : 


1.A detailed analysis of the characteristics 
of the traffic being studied : 


— characteristics of the route, length, pro- 
file, categories of line; 

— traffic carried : nature, tonnage, regular- 
ity; 

— trains used : class, tonnage, stops; 

— stock to be used : type of wagons, pay- 
load; 

— movement of empty wagons; 

— method of traction, types of locomotives, 
duration of run, consumption of power, 
light running. 

Such an analysis necessitates a very 
thorough knowledge of all the operating 
conditions. 


2. The determination of the operating char- 
ges corresponding to the traffic under 
study. 


Units of measurement have to be decided 
upon for each heading. They may be: 
— the train-km; 

— the locomotive-km; 
— the wagon-km; 

— the wagon-day; 

— the man-hour. 


3. The determination of the unit prices to 
be taken into consideration for each of 
the charges. 

These unit prices are : 

— either determined directly (cost of driv- 
ing, power, maintenance of the motor 
stock, obtained from studies of the kilo- 
metric costs of traction for each series 
of locomotives) ; 

— or deduced from the study of the average 
general costs : 

— cost of elementary operations (cleric- 
al, shunting) carried out at each 
station; 

— general administrative costs. 

Interest and sinking fund charges are the 
subject of a direct calculation taking into 
account : 

— the replacement value of the stock; 

— its life; 

— its conditions of user. 


4 
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The particular costs of the transport under 
study is obtained by adding together the 
products of the unit costs by the corres- 
ponding numbers of charges. 


Calculations of particular costs, like those 
of the average general costs, can relate 
either to the total costs or the marginal 
costs. 


The general method given above corres- 
ponds to a calculation of the total costs; it 
assures the balancing closure of the whole 
of the operating expenses. 


In calculating marginal particular costs, 
it is only necessary to leave out those 
constituents which are fixed so that they 
need not be taken into account: general 
charges, maintenance of the fixed instal- 
lations, financial charges in connection with 
the fixed installations. 


The calculation of the particular costs 
may include a great number of variants, so 
that it is often a very technical and skilled 
matter which always requires a great deal 
of initiative. 


IV. APPLICATIONS 
OF CALCULATIONS OF COSTS 


Calculations of the average general costs 
make it possible : 


1. to prepare the general operating balance 
sheet of the S.N.C.F. per category of 
traffic; 


2. to supply the Commercial Department 
with the necessary information for their 
general tariff studies. 


The pre 1947 goods tariffs of the French 
railways were based on a system of quasi 
monopoly. The chief factor taken into 
account was the value of the use made of 
transport. 

The development of road transport meant 
that the railway was faced with general 
competition and was obliged to make 
changes in its goods tariffs, which would 
take its costs into account. ‘This principle 
was put forward in the decree of the 14th 
November 1949 on the co-ordination and 
harmonisation of railway and road _trans- 
port. 
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It is admitted in principle that for each 
transport, the charge made must be higher 
than the marginal cost of the transport, but 
must remain lower on the one hand than 
the price asked by competitors and on the 
other its value as a going concern. 


The successive stages of the overhauling 
of the goods tariffs of the S.N.C.F. in order 
to bring them as closely into line with the 
costs as possible were as follows : 


— in 1947, general reform of the tariffs, 
taking into account in particular the 
preponderant influence on the costs of 
the wagon load; 

— in 195], differential scales according to 
the services by means of the station 
index system; 

— in 1953, increasing the rates for sundries 
traffic and wagons with small part loads, 
which did not cover the costs  satis- 
factorily ; 

— in 1957, a further increase in the rates 
for wagons with small part loads; 

— in 1958, overhaul of the station index 
system. 


3. establishing of a great many elementary 
costs (cost of terminal operations in the 
stations, traction costs per category of 
trains, rolling stock costs par category 
of vehicle) which it was essential to 
know in order to be able to calculate 
particular costs; 


4. controlling the efficiency of operating, 
by comparing the costs of different 
establishments, services and even Re- 
gions. For such comparisons, it must 
naturally not be forgotten that the costs 
also depend upon certain factors (kind 
of installations, nature of the traffic) 
lying outside the control of the. staff, 


_ The field of application of particular costs 
is extremely vast. It includes in particular: 


1. The determination of the most eco- 
nomic routes. 


The marginal traffic costs in each direc- 
tion have been calculated for each section 
of the line, taking into account : 


— the profile of the line; 
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— the method of traction; 
— the gross tonnage hauled per train; 


taking into consideration only those costs 
which vary with the route taken, under the 
following headings : 


— train stait; 

— engine crews; 

— preparation of the traction units; 

— power; 

— lubricating, other materials, and various; 

— maintenance and repair of traction stock; 

— sinking fund and renewals of traction 
stock; 

— maintenance of rolling stock: 

— sinking fund and renewal of rolling stock; 

— maintenance of the permanent way 
(costs varying with the traffic). 


The costs per gross ton-km hauled in the 
case of a full wagon load (11 t tare and 
19t payload) have made it possible to 
determine the « fictitious » distance of each 
section of the line, which might be defined 
as the product of the real distance by the 
ratio between the marginal cost per gross 
ton-km hauled on the section of line in 
question and the average marginal cost per 
gross ton-km. 


Marshalling costs under the following 
headings : 
— shunting locomotives; 
— operating staff; 
— periodic maintenance of the wagons; 
— interest and sinking fund charges on 


wagons; 

— maintenance of the permanent way and 
installations (costs varying with the 
traffic) ; 


have been estimated for each wagon shunt- 
ed, then transformed per gross ton in order 
to obtain a fictitious distance corresponding 
with the wagon being in the marshalling 
yard. 

These data have been filled in on maps 
which make it possible to determine the 
most economic route for each transport. 


It has been clearly defined that in cases 


where the use of such documents would 
lead : 


— either to an important transfer of traffic 
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leading to the saturation of one route 
and additional capital costs; 


— or to different routes according to the 
direction of the traffic, more thorough 
studies are to be carried out. 


If the «station indices » were the first 
step in adapting the tariffs to the costs 
according to the routes, a further stage might 
be to base the charges on the weighted dis- 
tances. 

Instead of the short distances between the 
fare stages the « weighted distances » would 
be substituted, which for each section of the 
line are equal to the product of the actual 
distance by a coefficient which is a function 
of the cost of transporting goods over this 
section. 

Studies have also been carried out to 
determine the most economic routes for 
international trafic (for example oranges 
from Spain to Germany). 


2. The determination of the charges for 
services carried out on behalf of a third 
party (postal traffic, exchanges of stock with 
foreign Administrations). 


3. The preparation of economic balance 
sheets for changing over to diesel or electric 
traction from steam traction for services on 
a line or group of lines or for shunting. This 
question was the subject of the U.I.C. 
Leaflet No. 371 and S.N.C.F. General 
Instructions Leaflet No. D4 giving the 
Regions the necessary directives to enable 
them to prepare balance sheets from the 
same basic principles. 


4. The preparation of balance sheets for 
the substitution of road services for railway 
services on lines with very little traffic. This 
question is dealt with in U.I.C. Leaflet 
No. 372 and the General Instructions 
Leaflet D3 gives the Regions all the details 
necessary for preparing such balance sheets, 
which make it possible to compare the 
savings, if necessary after modernisation, 
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that would be obtained by suppressing the 
railway services with the costs of the road 
services replacing them, taking into account 
the loss of receipts from end to end which 
might be caused by loss of traffic. Very 
numerous balance sheets, covering some 
9000 km of lines or so have already been 
prepared by the different Regions applying 
these principles. 


5. The establishment of the necessary 
information for co-ordination studies : com- 
petition with waterways (canalisation of the 
Moselle, North Canal); National Transport 
Accounts Commission (equipment of the 
Paris-Lyons-Marseilles artery). 


V. CONCLUSION 


On the S.N.C.F. studies of costs have been 
allocated to a group of specialists of the 
« General Studies » Department, working 
in close collaboration with the Management 
and Regions. It appeared preferable for 
the Department responsible for such studies 
to be independent of the Department 
making use of the results, so as to avoid any 
of the calculations taking on a subjective 
character. 


In addition, the studies have not been 
decentralised in order to avoid the present- 
ation of divergent calculations, which would 
not meet the essential requirements of all 
calculations of costs : strict objectivity and 
a guarantee of the balance sheet of the 
real expenses being closed. 


Since its creation in 1938, the S.N.C.F. 
has devoted much care to the development 
of its method of calculating costs, and 
continues to make improvements thereto 
in conjunction with the other Railway 
Administrations belonging to the U.I.C. 


With the methods that have been perfected, it 
is now possible to answer any question that may 
he raised in the very vast field of the costs of 
railway transport. 


{ 656 .254 (44) ] 


Calling out the breakdown staff with the minimum 


delay by means of very low frequency currents, 
by M. Dassiev, 


Ingénieur au Service de la Voie et des Batiments de la Région du Sud-Est de la Société Nationale des Chemins de fer frangais. 


and M. FAUCHER, 


Ingénieur au Service du Matériel et de la Traction de la Région du Sud-Est de la Société Nationale des Chemins de fer frangais. 


(Revue Générale des Chemins de Fer, October 1960.) 


The electrifications and modernisation of 
the French Railways have resulted in high 
concentrations of traffic on certain routes 
equipped to give a large output econo- 
mically. Any interruption of any duration 
on such lines may result in serious train 
delays in close succession, which may be- 
come very troublesome. It was to reduce 
to the minimum the consequences of this 
vulnerable position that the Central and 
Regional Departments of the S.N.C.F. have 
studied and perfected over recent years 
improvements which cover both the ma- 
terial means to be put in hand as well as 
the actual organisation of the so-called 
breakdown services. 


It is within the framework of this 
research that the South-Eastern Region is 
making a trial at the present time of a 
method enabling to call out simultaneously 
all the members of the breakdown gangs 
attached to the railway centre of Ville- 
neuve-Saint-Georges. 

The Departments taking part in these 
trials are : 

— the Traction Department, which has 
an 85 t crane, a 50 t crane and a break- 
down van; 


— the Permanent Way Department, 
which has « catenary » gangs and « per- 
manent way » gangs to deal immediately 
with breakdowns, 

The Villeneuve-Saint-Georges centre was 
chosen because it fulfils all the conditions 


justifying the use of simultaneously calling 
out the staff concerned; 

— it forms, 15 km (9 miles) from Paris, 
the first railway junction encountered on 
the great electrified Paris-Lyons artery; 
facilities are 


— important breakdown 


available; 
— the dwellings of the staff are widely 
scattered. 


Principle. 


The principle of the installations con- 
sists in profiting by the electric light net- 
work of the French Electricity Board 
(E.D.F.) by making use of the neutral wire 
of the three phase alternating supply, and 
causing a periodic variation at an_ infra- 
acoustic frequency of the potential of this 
wire in relation to the earth. 

This periodic variation in the voltage 
lasts for a few seconds when it is desired 
to alert the staff, by means of a 48 V bat- 
tery, the polarity of which is reversed at 
the desired frequency. The frequency of 
the reversal of the direction of the current 
characterizes the call; a given frequency 
is allocated to each breakdown gang. 


The receiving device, fitted in the home 
of each member of the breakdown gang, 
sounds an alarm bell. 


In order to assure the correct propaga- 
tion of the warning current over the whole 
low tension network, it is essential for the 
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neutral wires of the different transformer 
posts to be interconnected. 

This interconnection is carefully arranged 
at as many points as possible (at least two 
per transformer post) in order to make sure 
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the interconnections as low as possible in 
order to facilitate the passage of the low 
tension currents. 

Figure 1 gives the general plan of Ville- 
neuve-Saint-Georges, showing the various 
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Fig. 1. — Calling out zone. 
@) Transmitting post. 
- Receiving post. 


— — — Limit of interconnected zones. 
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that the signals will be given in cases when 
repairs to the network make it necessary to 
interrupt momentarily one of the connec- 
tions. Naturally, steps have been taken 
to make the resistance of the contacts on 


interconnected zones and the sites of the 
receiving equipments. 

The telecontrol voltage of the call re- 
ceiving equipment is a function of the 
characteristics of the network, of the num- 
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ber of « earths » and of their qualities. 
In principle, for a normal voltage of 48 V 
the number of E.D.F. distribution zones 


should not exceed three. ‘This latter figure, 
however, must be determined in each case, 
function of 


the neutral-earth 
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chronometric relays. 


resistance on which 


the working of the 
system 1s based. 


‘This resistance, however, 
which had a far from negligible value in 
the case of the old overhead networks which 
were earthed by means of grid-plates or 
rod stakes, is very low in the case of mo- 
dern networks using cables in which the 
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neutral is connected to the lead of the 
cable. In this case, it is necessary to take 
steps to define the possibilities of calling 
up and, if necessary, regulate the sensitivity 
of the receiving relays. At Villeneuve- 
Saint-Georges, the relays had to be sensi- 
tized in certain zones. 


Description of the apparatus. 
l. Transmitter apparatus. 


The transmission problem is to make the 
potential of the neutral wire oscillate in 
relation to the earth according to a_pre- 
determined frequency, such a_ frequency 
having as many values as it is desired to 
make different calls (five in the case of 
Villeneuve-Saint-Georges, the maximum 
being 10, ranging between 0.4 and 2 c/s). 

Transmission takes place by means of 
a battery of accumulators fitted between 
the neutral of the town lighting network 
and an earth, the connection varying alter- 
natively in each direction by means of a 
reversing switch controlled by chronome- 
trical equipment at the desired frequency. 

The transmitting post (fig. 2) therefore 
consists of : 

— a battery of accumulators with charg- 
ing equipment; 

— chronometrical components equal in 
number to the number of different calls 
to be sent out; 


— a transmitting reversing switch; 

— accessory components (intermediate re- 
lays, signal lamps). 

The chronometrical relay consists of a 
pendulum and an anchor escapement, the 
fork of which carries a pin which in oscil- 
lating comes alternately into contact with 
two elastic blades on either side of its dead 
point. These two blades act as contacts 
and control, by means of a polarised relay, 
the reversing switch. 

The chronometrical relay is driven by a 
weight which is wound up at the moment 
of emission by a plunger electro-magnet. 

The reversing switch is formed of a group 
of two bipolar switches mounted as a re- 
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versing switch. The calibre selected de- 
pends on the intensity of the emission. 

The working of the transmitting post is 
simple; it is only necessary to press the 
button corresponding to the call it is 
desired to put out. 


Fig. 3. — Receiving apparatus: selective relays. 


The driving weight of the corresponding 
chronometrical relay is then automatically 
wound up and the relay thereby started 
controls by means of a polarised relay the 
coils of the switch which cause at the 
desired frequency, the inversions of the cur- 
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rent in the neutral earth circuit. When 
the driving weight of the chronometric 
relay reaches the end of its travel (after 
about 50 sec) the transmission ends. 

The transmitting apparatus is installed 
in the Villeneuve-Saint-Georges station, and 
is operated by the station inspector. 


2. Receiving apparatus. 

The receiving relays (fig. 3), one in each 
house, are looped in between the neutral 
wire of the lighting installation and an 
earth of any quality. The resistance of the 
relay is very high. 

The receiving relay simply consists of a 
selective relay which directly controls a bell. 

It consists of mobile equipment mounted 
on pivots, with very little damping. ‘The 
equipment includes a spindle, the pivot 
of which is carried on jewels, supporting 
a coiled frame placed in the field of a 
permanent magnet, and two threaded arms 
supporting runners, the distance between 
which in relation to the spindle can be 
adjusted in such a way as to give the 
moment of inertia of the whole assembly 
the desired value corresponding to a de- 
finite frequency of oscillation. Two hair 
springs supply the torsion couple. One 
of the threaded arms carries a contact piece 
which for a certain amplitude of movement 
of the mobile part (about 45°) rubs against 
a contact blade closing the bell contact. 

The mobile frame is fitted between the 
neutral and the earth through an adjustable 
resistance (or a smoothing coil), intended 
lu protect it in case of accidental over- 
voltage and to adapt its sensitivity to local 
conditions. 

The receiving apparatus begins to func- 
tion with a receiving voltage of 0.3 V, but 
the voltage may be ten times as high as 
this without causing trouble. 

Stray D.C. currents due in particular to 
earth currents from the traction current 
have no appreciable influence on the re- 
lays even if their value reaches 150 times 
the minimum value at which the relay 
functions. 
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In addition, the effects of industrial fre- 
quency 25 or 50 cycle currents are zero 
owing to the high value of the moment of 
inertia of the relays. The selection of the 
different calls is assured with a sufficient 
safety coefficient for receiving voltages 
varying in the ratio of 1 to 10 by spacing 
the different frequencies amongst them by 
about 15 % of their respective values. 


The functioning of a selective relay is 
simple : when transmission begins, the 
mobile frame is subjected to the voltage 
which the transmitting post sets up in the 
neutral-earth circuit. If the oscillation fre- 
quency of the selective relay in question 
is equal to the frequency of the transmis- 
sion current, the mobile equipment comes 
into resonance and soon reaches a very 
high amplitude. When this amplitude 
reaches some 45°, the mobile contact rubs 
against the fixed contact blade and the 
bell rings at each elongation. 


From the point of view of installation 
costs, compared with the cost of installing 
urban telephones, this system is definitely 
cheaper when the number of employees to 


APRIL 1961 


be called out is more than 10 in the case 
of a transmitter with a five call code. 


Conclusions. 


The solution of the problem of calling 
out employees by using equipment for low 
frequency currents must not be considered 
as a universal solution. It is true that 
whenever possible the classic telephone 
should be used. This is the case in par- 
ticular at centres where the men live close 
together, when the installation of a tele- 
phone in one or two blocks makes it pos- 
sible to solve the problem, as the caretaker 
or appointed employee can then call out 
all those concerned. 


However, calling out the men directly 
by telephone or by low frequency cur- 
rents instead of the classic knockers-up, re- 
duces the delay in getting out the break- 
down gangs by about 50 %. This single 
result must encourage the extension of this 
method of calling out to all large centres, 
since it makes it possible to reduce delays 
on the main lines to the same extent. 


[ 656 .25 (52) ] 


JNR’s signal and safety systems and their features, 


by Yanao Hrvosur, 


Signal Section Chief, Electricity Department. 


Japanese National Railways. 


(Japan Commercial Gazette, July 30, 1960.) 


Japanese population of extremely high 
density is approximately 90 million. This 
enormous number of people are living on 
the four islands aligned in a form of a 
crescent, keeping up their vigorous indus- 
trial activities. Consequently, the transpor- 


island country, the transportation by pas- 
senger and freight trains is immensely busy. 
For example, the ‘Tokaido-Line, which is 
the trunk line running along the Pacific 
Coast of the country over the distance of 
587 km between Tokyo and Kobe, is in 


Bird’s-eye view of busy traffic of electric-car trains 
at the Tokyo Central Station. 


tation setup of Japan has certain charac- 
teristics that are different from those of 
ordinary continental countries. 

Such characteristics of the Japanese Na- 
tional Railways together with the roles of 
its signal appliances are described herewith. 


I. The trunk line transportation. 


Having so many urban communities lined 
up along the trunk lines, traversing the 


contact on its path with six major cities 
of more than one million population, in- 
cluding Tokyo, which holds eight million 
people within its city limit. These cities 
are playing important roles as industrial 
and commercial centers in Japan. It is 
apparent that in this situation, the trunk 
line which links these important cities 
requires a great transportation strength. 

On the other hand, the railroad facilities 
of the country as a whole are not sufficient 
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to satisfy the all transportation require- 
ment, and are forced to run trains as often 
as the near-maximum track capacity allows, 
on both single and double tracks. Thus 
the transportation requirement has been 
fulfilled by elevating the rate of full use 
of tracks as much as possible, avoiding ex- 
pansion of railroad tracks that necessitates 
colossal amounts of investment capital. 


Starting signal. 


On the Japanese National Railways, the 
single track section constitutes 86.3 % of 
total route kilometrage of 20357. On the 
majority of the trunk lines of the single 
tracks, frequency of train runs reaches 
80-90 daily, surpassing the 50, which is the 
usual maximum frequency of train runs 
in European and American countries, inten- 
sifying highly effective operations. 

The double tracks in some sections also 
carry on busy train traffic 
280 train-runs daily. 

These frequencies on single and double 
tracks seem to have almost 
limits. 

Such busy train traffic of high efficiency 
now in practice in this country urges instal 
lation of superbly dependable signal and 
salety appliances, allied with excellent driv- 
ing and controlling techniques which can 


be obtained only through years’ experience 
and tradition. 


which reaches 


reached the 


ApRIL 1961 


Average length of a block section of the 
Japanese National Railways is in the neigh- 


bourhood of one kilometre in automatic 


block sections of double tracks, and 4.5 km 
single 


sections of tracks. 


in tablet block 


Train identification device oscillator. 


section than 
the biggest 
highly frequent 


The shorter length of block 
of other countries is one of 
reasons which enable the 
train runs in Japan. 

The automatic block system has been in 


use for a long time and, by now, 99 %& 


Cable-type interlocking. 


of the whole double track lines, 2781 km, 
are equipped with the automatic block sys- 
tem and the single track lines are switching 
the block system to automatic one to meet 
the growing demand for transport. 
Majority of the automatic block system 
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is equipped with the block signal which 
is mostly installed so as to enable pre- 
ceding train and following train run at 
intervals of 3-6 mine In this case as a 
general rule, three-aspect signaling system 
is used. And, in case of necessity, five- 
aspect signaling system is used adding the 


Car detector (electric treadle). 


reduced speed signal and restricted speed 
signal. 

Working efficiency of stations, many of 
which have very complicated layouts of 
tracks, affects whole transportation a great 
deal. Especially operative efficiency of ter- 
minal stations, composing stations of freight 


tor She at 


Electric switch machine. 


trains and locomotive replacing stations 
affects directly the time schedules of trains. 

Therefore, a relay interlocking device of 
high efficiency is installed in complicated 
and important stations. 

Quite a number of switches can be 
switched by one operator or two using a 
push button to open the route as scheduled, 
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satisly all locking conditions concerned, and 
display signals accordingly. ‘Thus opera- 
tional control under absolutely safe arran- 
gement is performed. 

Simultaneous entrance of trains bear 
dangers of contact accidents and the like 
in their passages in case a train happens 
to overrun, and is a sort of headache to 
officials. ‘The Japanese National Railways 
solved this problem by laying safety sidings 
and adopting restricted speed signal, to 
have many stations let trains enter at same 
time. That can be included in the reasons 
for the spccially frequent train runs on 
single-track sections. 

In the train of trunk lines, a so-called 
cab warning device is installed to display 
the warning according to the signal indica- 


Switch-and-lock movement. 


tion on the ground, being effective to pre- 
vent collisions from behind, caused by 
ignoring or misunderstanding of signals. 

The signal and safety appliances, such 
as the car retarder of a large-scale marshal- 
ling yard and automatic freight classifica- 
tion device, as well as the adoption of the 
C.T.C. (Centralized Traffic Control device), 
are playing vital roles in promotion of 
transportation efficiency and ensuring  sa- 
fety rate. 


II. About transportation of commuters. 


Commuter transportation around ‘Tokyo 
and Osaka areas is one of the J.N.R.’s im- 
portant missions. 

A day of Tokyo begins with the gigantic 
transportation of commuters’ trains coming 
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in various radial directions to business cen- 
ter of Tokyo every morning except Sunday 
and holidays. 

Despite the J.N.R.’s desperate efforts, the 
number of people who are brought into 
Tokyo’s business center from its suburbs 
has been constantly increasing to create 
uncontrollable commotion both in trains 
and stations. Almost every train of any 
section of the railways carries overcapacity 
crowds, approximately 2.5-3 times more 
than fixed number of passengers. 

The congestion has never been eased 
betraying the efforts of the J.N.R. officials 
who have been striving to figure out coun- 
termeasures such as composition of longer 
trains with more cars, elevation of perfor- 
mance of rolling stock and more frequent 
service of trains. 

Recently, in suburbs of Tokyo, 10-car 
(200-m long) electric traims are running 
at intervals of 2 min, similar to the New 
York Subway’s 10-car formation (183-m 
long) and the 8-car composition of the 
Moscow Subway (151-m in length). And 
the highest frequency per day of electric 
train traffic on double track lines is about 
670 times up and down. 

Trains of several different lines arrive 
and leave ‘Tokyo Central Station every day, 
totaling the whole train run frequently to 
2100 daily. 

Such surprisingly busy train traffic can 
be managed only with the back up of 
perfectly functioned, entirely dependable 
signal and safety installations. 

In the first place, all signals on route 
of those electric car trains are automatic 
and the cab warning device is applied in 
the sections where electric motor car trains 
are operated. 

In case a passenger train or freight train 
runs on the same track of electric car trains, 
the train identification device is adopted 
(on the Chu-o Line). 

As there is a difference in brake distance 
according to kinds of trains, this identifica- 
tion device is so designed as to give instruc- 
tion to the signal on the ground for speed 


limitation corresponding to the kinds of 
trains. 
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Also an automatic interlocking device is 
used in each terminal and shuttle opera- 
tion stations. This versatile device enables 
entirely automatic operation of signals as 
well as setting route of trains, without any 
manual help, for regular traffic of trains; 
and in case of delayed schedule of electric 
car trains or changing route of an arriving 
train, can be used as same as ordinary relay 
interlocking device. 


Ill. About sections with less train runs. 


Included in the whole route kilometrage 
of the Japanese National Railways, there 
are not a few railroad sections of com- 
paratively less traffic. It is considered that 
arrangement should be made to make in- 
vestment in the installations of these sec- 
tions as less as possible and, at the same 
time, try to keep their personnel expense 
minimum, in order to set up a system of 
most economical transportation. 


The block section unifying apparatus is 
used on occasions such as described below : 


In order to abolish night duties of em- 
ployees of intermediate stations, when all 
the trains pass through during night hours, 
the blocking operation at these stations is 
liable to be suspended during that time 
only, having several block sections unified 
to become one single block section. 


In such a case, a block section unifying 
lever is installed in each station to be 
unified. By using this lever, related signals 
and switches are locked in proper condi- 
tions and then the token block instrument 
of each station can be disconnected from 
blocking circuit, and be connected directly 
with its immediate neighbour station, both 
up and down lines, to accomplish the uni- 
fication of block sections. 


Usually, the spring switches are used in 
stations whose track layouts are compara- 
tively simple. This kind of switches do not 
require stationing of points man or switch 
man. ‘The power of spring enables the 
Switch stay open towards a fixed direction 
and, when a train passes through the switch 
in the reverse direction, the train runs 
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through by opening the tongue rail with 
a push of its own power. 

In late, the tokenless block system came 
into practice. This system does not require 
the use of the tablet and allow trains run, 
only depending on the indications of sig- 
nals. The signaling appliances are con- 
trolled by short track circuits which are 
installed at both entrance and exit of the 
block section. 
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IV. Alternating current electrification. 


Aiming at modernization of power, the 
20 kV alternating current electrification of 
50 c/s or 60 c/s commercial frequency has 
been steadily developing. Following the 
implementation of the alternating current 
electrification, various technical problems 
concerning the signal and safety equipment 
arose. 


Scene of Tokyo Central Station during rush hours. 


This system has advantages as follows: 

The blocking and signal were combined 
in operation; to prevent slowing down of 
speed of passing trains that used to be 
caused by the handing and receiving of 
the tablet while passing a station, and 
save trouble of station employees. 

A new and different experiment, a sys- 
tem called the simplified C.T.C. was in- 
troduced. Its blocking method adopted 
the tokenless blocking system. And _ for 
the safety appliance in the station com- 
pound, the simple relay interlocking device 
(which uses the spring switch instead of 
power switch machine for the switch). ‘This 
is a C.T.C. which cuts the installation ex- 
pense to a limit and is expected to be 
popular in the future. 


The most controversial problem is that 
the commercial frequency track circuit, 
which has been used for control of auto- 
matic signal, will not be used. ‘That is a 
natural consequence as long as the rail is 
used as the return route of the electric 
currency of power-driven cars. ‘To solve 
the problem, about 1-5 kc audio frequency 
track circuit (A.F. track circuit) was deve- 
loped. This circuit employs the techniques 
of the electronics to some extent as diffe- 
rentiated from conventional one. 

Also a track circuit which uses special 
frequencies, like the 2-phase, 4-wire-type, 
83.3 c/s track circuit, has been in use. 

An A.C.-D.C. change-over device is instal- 
led in the compound of the junction sta- 
tion of A.C. electrified section and D.C. 
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electrified section. (A.C.: alternating cur- 
rent. D.C.: direct current.) Then an 
interlocking device will be required to 
meet the following conditions in addition 


B-type cab warning device receiving coil. 


to the roles the interlocking device 
sesses. 

1. Attach an electric source change-over 
apparatus to the trolley wire to be used 


pos- 


B-type cab warning device. 


mutually by direct and alternating current 
locomotives, to set up an installation which 
enables the change-over of the 
source of a certain section of 


electric 
trolley wire 
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to 1.5 kV direct current or 
ing current. 


20 kV alternat- 


2. When a locomotive is posted in the 
section in question, it is not permitted to 
impress a different voltage. So, for the 
purpose of identifying a locomotive whether 
it is a direct current locomotive or an 
alternating current detector 1s 
installed. 


one, a 


3. In case an electric source of different 
kind from that of a locomotive is supplied 


by the interlockings between the electric 


source of trolley wire and the signal equip- 
ment. 

Such a relay interlocking apparatus, des- 
installed in a 


cribed above, is 


station. 


junction 


B-type cab warning device receiver, 


V. New signaling techniques. 


Several of the new signaling techniques 
which have the cab warning device adopt- 
ed by the J.N.R. will be introduced 
herewith. 

1. As a train is approaching a stop signal, 
the cab warning device works automatically 
to give a warning on the train. Although 
the idea of this device has been in existence 
rather a long time, the J.N.R. put it into 
practice by adopting the following three 
types which had been developed by the 
good command of electronic techniques. 


a) A-type cab warning device. 


This is installed in trains of trunk lines. 
The warning indication is shown by re- 
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ceiving on the train the 1300 c/s carrier, 
which was superposed on the track circuit 
of the commercial frequency. This system 
indicates three kinds of warning indication 
by detecting the carrier modulated by two 
kinds of low frequency. 


b) B-type cab warning device. 


This system is mainly for sections exclu 
sively used for electric-car trains. As an 
electric-car train is nearing a certain point 
to the stop signal, the power supply of com- 


mercial frequency of the track circuit is 
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utilizes 
the change of oscillation frequency caused 
by the coupling of the oscillation circuit 
on the train and the resonance circuit on 
the ground as the train 


The C-type cab warning device 


runs on the re 
sonance circuit. 

2. Car detector (electric treadle). 

For controlling the highway crossing  sig- 
nal, the use of the continuous track circuit 
is the best. Sut this 
advantage of 
apphed in 


setup has a dis- 
when it is 
section of a_ line. 


large expense 


electrified 


Signaling center of Tokyo Central Station. 


stopped by detecting the approach of the 
train done by a special relay on the ground. 
Since the train runs usually receiving elec- 
tric current of track circuit, it gives a warn- 
ing when the sending current is cut off. 


c) C-type cab warning device. 


This one is mostly used for semi-trunk 
lines, and can be installed even where no 
track circuit exists. An oscillator installed 
on the train oscillates constantly at 100 ke. 
On the other hand, a resonance circuit, 
which was tuned to 130 ke, is placed on 
the track between rails. 


However, if another track circuit can 
be formed over the track circuit already 
installed, the control of the highway warn- 
ing signal can be done without changing 
the existing track circuit. 

The car detector was devised out of 
above mentioned idea. Using the rail as 
a part of oscillation circuit, oscillates 10 ke 
frequency, the relay contained in the de- 
tector falls as the oscillation stops upon 
arrival of the train at the spot. 

Length of the track circuit is in the 
neighbourhood of 10 to 20 m and one of the 
advantages with this detector is that it does 
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not need the rail insulation. All sets use 


the transistor. 

In addition, an apparatus which distincts 
speed of each train is in use to prevent 
irregular warning time of the highway cros- 
sing signal that may be caused by different 
speed of running trains. 


3. Cable-type interlocking. 


Despite the fact that it is possible to 
save considerable amount of personnel ex- 
penses if all the switches of a station com- 
pound are motorized and are operated col- 
lectively at one spot, the motorization of 
switches itself is fairly expensive. 


At a station with simple track layout, it 
is advantageous and recommendable to 
operate it by a cable. 


Heretofore, often used was the pipe line 
for switch operation. But now it is ex- 
pected that the cable-system interlocking 
system will take the place of the old system 
with its attractive features of light and 
easy manoeuvre, low construction cost, less 
trouble in maintenance, etc. 


VI. Signal and safety equipment 
for the new Tokaido-Line. 


Following installations are on the plan- 
ning board for the new Tokaido-Line 
(approximately 500 km between Tokyo and 
Osaka), which is under construction : 
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Since the ordinary track circuit can not 
be used, because the power system of the 
new line is the electric operation of 25 kV 
commercial frequency, the A.F. track cir- 
cuit is to be used. 


As for the signaling system, an automatic 
train control system will be installed with 
the cab signal of a continuous control-type. 
This system enables automatic control per- 
formance in case a train crew neglects to 
apply the brake in accordance with the 
speed control indicated by the cab signal 
device. 


A train end indicator will be installed 
at the control center to indicate con- 
tinuously the trains’ position on the line. 


The foregoing is the explanation of the 
Japanese National Railways’ singularity in 
its transportation situations and the roles 
of its signal and safety devices as well as 
its creative engineering techniques. There 
are many problems charged to the railroad 
engineers to be solved so as to retain the 
railway industry’s position as a_ leader 
among various transportation means. 


Facing to the urgent request of modern- 
ization of enterprise the mission we en- 
gineers have to carry out is momentous. 


The true self of the Japanese National 
Railways is evident in its constant progress 
which has been achieved by its tireless 
efforts amid of such present situations. 


[ 625 .172 (52) ] 


Statistical control of track maintenance, 


by Jiro Onoat. 


(Japanese Railway Engineering, June 1960.) 


1. Preface. 


The subject of this paper concerns a 
method of control of maintenance of track 
making use of statistics and probability 
theory. The method is still in embryo in 
respect of practice, and it will take some 
time to develop and systematize it. Readers 
are requested to bear in mind that this 
paper deals with its rudimentary problems 
only. 

In the maintenance of track, it is most 
fundamental to know what the structure of 
track is and what mechanical action the track 
receives from the train load. Many predeces- 
sors made studies in this regard, and recent- 
ly, it has been brought out that the primary 
factor in the destruction of a track is its 
vibration caused by running trains. Thus 
the approach to the problem is given a 
definite direction. On the other hand, a 
track is usually laid as a mechanically in- 
complete structure because of economic 
reasons so it is constantly exposed to the 
destructive action of train loads. Accord- 
ingly it has to be repaired, or its components 
have to be replaced, by putting in labor and 
materials. It is also important to determine 
how the employment of labor and materials 
can be controlled in a proper way while 
keeping trains safe and comfortable. This, 
combined with the problem of track struc- 
ture, constitutes a basic consideration in the 
maintenance of track. 


The rule governing the phenomena in the 
structure of track is the law of cause and 
effect in terms of mechanics. However, the 
employment of labor and materials cannot 
be controlled by this law alone. It is not 
absolutely impossible to mechanically deter- 
mine, for instance, the phases of track 
deformation by the rules of mechanics. How- 
ever, it may be regarded impossible from the 


standpoint of practice because of a number 
of limiting factors. Another example is rail 
failure. Notwithstanding the fact that it 
should be an object of study based on 
mechanics, a rail failure cannot be foretold 
with reasonable accuracy through analysis 
based on mechanics. 

If the field of the problem of track 
structure is named <« field of gravity », it 
may be said that there are many « fields of 
probability » in the problem of control of 
track maintenance. Speaking of the exis- 
tence of track deformation mentioned above, 
for instance, if a rule governing the proba- 
bility of existence of track deformation is 
found out, it would be possible to know the 
phases of track irregularity of a section, 
though exact knowledge of the irregularities 
of specific points would not be made avail- 
able. Also, a probability of occurrence of 
rail failure could be derived from an 
accumulated knowledge on span of life of 
rails based on statistics of rail failure cover- 
ing a very long period. These are very useful 
in the control of track maintenance. Occur- 
rence of natural disasters, including opera- 
tion accidents, is entirely a matter of chance. 
It should be handled in the light of sheer 
probability. 

As seen in the foregoing, the control of 
track maintenance shouid be handled on 
the basis of probability or statistics, while 
observing the phenomena from the rules of 
mechanics. A few examples of statistical 
treatment are given below. 


2. Statistical representation of track 
irregularities. 


One of the most important points of 
observation in setting up a track mainte- 
nance plan is the state of destruction or 
deformation of track. However, it is of little 
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use for a long stretch of track to have an 
information on the deformation of each 
point of track. Let us take a track, for 
instance, on a section of a certain length. 
Even if the state of the track deformation 
is measured by a track inspection car and 
a chart covering the whole section is derived, 
it will be nothing but a vague knowledge 
lacking a means of expression to embody 
proper quantitative determination, which 
should be the very indication desired. 
Broadly speaking, the number of points on 
a section of track may be regarded as infinite 
in observing the state of deformation of a 
track extending over a distance. It means 
that a method of expression capable of 
providing for the state of deformation in 
infinite numbers is called for. 

On the Japanese National Railways the 
practice is to express the deformation of 
track in four kinds of irregularity, 1.e. 
irregularity of gauge, cross level, track level 
and alignment, giving a general term of the 
track irregularities. The definition of track 
irregularities is given at the end of this 
paragraph. It has already been found out 
that the state of track irregularities to 
various extents follows a rule on a section, 
on account of the nature of track irregular- 
ities as defined above. This state does not 
determine the extent of track irregularities 
significantly, but means the ratio in which 
track irregularities of various magnitudes 
exist on the section. The fact that the track 
irregularities conform to a rule would be 
very convenient in obtaining data on track 
condition on a section, even though the 
number of such irregularities may be in- 
finite. Once it is known that the state of 
existence of track irregularities follows the 
law of probability, now there will be no 
need for consideration about infinite track 
irregularities in order to know the state of 
the section of track. Instead, measurement 
of a proper number of track irregularities 
in a section in question as a whole will be 
sufficient. The rule governing the state of 
existence of track irregularities is considered 
to be a law of probability called the normal 
distribution, ‘The justification of this view 
is given by actually measuring the track 
irregularities on a section. 
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The fact that the state of existence of 
track irregularities follows the normal dis- 
tribution leads to the appropriate method 
of indication of track condition as described 
below. 

Let x denote the magnitude of track 
irregularity of a section, and @® (x) the 
ratio in which there are track irregularities 
smaller than x in magnitude; then by the 
nature of normal distribution, 


er l 


Oz) == ————— Gat ge (1) 


The two parameters, m and o, on the right 
side are what we call the mean value and 
the standard deviation, respectively. Their 
values are given as follows : Let us measure 
n pieces of track irregularities, and put the 
magnitude of individual irregularities as 
air eo a, n). 


n 
Then, jit == Dy ear 
i=1 
7 (2) 
p> x2 


— m2 
n 


Since the value of ® (x) is determined 
when m and o are made definite to a given x, 
the values of m and o represent the charac- 


teristics of the section. Figure 1 is the 
graph for : 
(x—m)? 
1] ae 
e€ 22 


m giving the center abscissa for the curve, 
and o indicating the degree of extent of the 
curve, i.e. the extent dispersion degree of 
track irregularities. ‘The area of the hatched 
part is ®(x). The values of m and oa, 
though given by eq. (2), were, in fact, 
statistically derived. The actual values of 
m and o must be determined on the con- 
dition of n = 00. However, since they also 
conform to a law of probability, values 
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accurate enough for the purpose are obtain- 
ed through eq. (2), by giving an appropriate 
number to n. It has been disclosed that 
accuracy is satisfactory when n is 120 to 
200 per kilometre if measurement is made 
evenly over a section of a fairly normal 
condition as far as the purpose of the control 
of track maintenance is concerned. 


— Normal distribution curve. 


Pic. |. 


It is sometimes inconvenient to use more 
than one index, while the state of track 
irregularity of a track section of a moderate 
length is made clear by applying m and o. 
On the JNR, therefore, the value given by 
the following equation is called the track 
irregularity index. 


p—a | (a—m)? 
a ey x: ae bs 
| ee: Qn 6 
(3) 
ace 1 (x— m)? \ 
+ ———e 202 dx | 100 
/27 

he V2no 


As seen from eq. (1), P indicates the per- 
centage of the track irregularities of which 
the absolute value is larger than a. A single 
value of P corresponds to the values of m 
and o worked out, and, as such, indicates 
the state of the track. According to the 
JNR practice a is fixed at 3 mm, because it 
is most suitable for the indication of the state 
of tracks. However, some other values may 


S* 
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be adopted to suit the existing conditions 
of track and the objectives of control of 
track maintenance. 


Note : Definition of track irregularities. 


Irregularity of gauge. 


The magnitude of deviation of minimum 
distance between the right hand and the 
left hand rails at 16mm below rail level, 
from the standard (1067 mm). Widening 
is marked (-+), and narrowing, (—). 


Irregularity «jf cross level. 


The difference in height of the right hand 
and the left hand rails. The mark, (+), is 
shown when the standard side is low, and 
(—) when it is high. The standard side is 
the left hand for a straight track, and the 
inner rail for a curve. 


Trregularity of track level. 


A 10 m long string is pulled tightly along 
the rail level, with the measuring point at 
the center, and the distance between the 
string and the rail level at the center is to 
represent the track level irregularity. ‘The 
mark, (+), is given when the rail level 
is higher than the string, and (—) when 
it is lower. 


Trregularity of alignment. 


A 10 m long string is pulled tightly along- 
side the rail head, with the measuring point 
at the center and the distance between the 
side of the rail and the string at the center 
is to represent the alignment irregularity. 
The mark, (+), is shown when the string 
is outside the track, and (—) when it is 
inside. 

In measuring a curve the magnitude of 
slack, superelevation and maintenance bar- 
sine is subtracted from the value of track 
irregularities. 


3.Control of track maintenance by 
control chart. 


If the state of track irregularities is quan- 
titatively determined by the method men- 
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tioned in section 2, various hints for the 
control of maintenance will be derived from 
the characteristic values of a given track 
section of a suitable length. Since those 
characteristic values are statistical figures, 
a different statistical method of handling 
them is possible. This is what is called 
Shewhart’s quality control chart method, 
which is widely applied to the control of 
industrial products. Though not in the 


prototypical way, in view of difference of 


50 55 60 


km 


Fig. 2. — m-o control chart (cross level). 


nature of industrial products and track ir- 
regularities, it is applicable to the latter under 
careful interpretation. For example, it is 
possible to study whether several sections 
(1 km each, or each under charge of a track 
gang) of a track are maintained in uniform 
condition (if the condition varies, the control 
of track maintenance is not good) by using 
an m-o control chart as shown in figure 2. 
Figure 2 is a control chart for the irregularity 
of cross level per kilometre, where the ab- 
scissa represents kilometrage and the value 
of m and o is plotted every kilometre. ‘The 
upper section is m-chart, and the lower is 
o-chart. In each section, the upper and 
the lower dotted lines indicate control-limit 
values, and the chain line located at an equal 
distance from the upper and the lower limit- 
line is drawn at the height representing the 
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mean values, m and o, of m and o at every 
kilometre on the section. The letter n 
contained in : 


—S9 cut —TF cut 


and 3 a, 
4/2n 


3 
yn 


which give the distance from the mean value 
line to the limit-line, represents the number 
of measuring points per kilometre. In the 
present instance the chart is drawn with 
n = 100. The control chart method makes 
use of the fact that the characteristic values 
indicating such a state as m or a follow a law 
of probability. It is known that the values 
of m and o for each kilometre we obtained 
by actual measurement are to be within 
the limit determined from the law of prob- 
ability mentioned above, if the track condi- 
tion is uniform over the section we picked 
out, from 50 to 75 km, that is, if there are 
no differences between m and o over the 
section. Therefore, the values of over-limit- 
line in m-chart or s-chart are statistically 
rare happening, and in practice, such a 
section having m or o of over-limit-line is 
regarded as abnormal. The benefit of using 
a control chart is that it enables us to check 
such an abnormal section and thereby find 
out what action would be necessary. 


Another use of a control chart is to know 
whether the tracks in general in a wide 
area are in good condition or not. The 
example of figure 2 is virtually a direct 
application of Shewhart’s method. In the 
case of a control chart for much larger sec- 
tions (e.g. railway divisions), a different 
kind of control chart may be more suitable, 
so a control chart appropriate for the pur- 
pose of control and for the characteristic 
values used must be worked out. Figure 3 is 
a control chart using P to have a picture of 
irregularity in cross level of trackage of rail- 
way divisions of the Japanese National Rail- 
ways for a certain period. This chart is 
called the x-Rs control chart, the upper 
secon being x-chart and the lower, Rs- 
chart. In each section, the abscissa repre- 
sents railway divisions. The ordinate in 
the x-chart takes values of P, and the same 
in the Rs-chart takes absolute value of the 
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difference between the value of x for the tenance control is often attended by difficult- 
railway division given by a point on the ies. But, as far as the detection of abnormal 
abscissa and the value of x for the railway — values is concerned, it may safely be applied 
division adjoining next on the left. (In the 
case of the left-most railway division, the 


pe ; : +. Statistical an i i 
difference is taken by comparing with the SAY SURO E ONE Rotors 


in maintenance of track. 


20 — E+2.66R, =19.3 Vhe idea of employing control charts 
consists in the detection of the abnormal 
values as brought out by a limit line which 
is statistically established. However, the 
determination of causes for the occurrence 
of such abnormal values calls for a separate 
knowledge. Factors having effect on the 
state of track broadly comprise train load, 
track structure, climatic conditions and 
labor. The law of cause and effect existing 
among them is to determine the condition 
of track. The aforementioned four factors 
are further divided, and it is extremely 
difficult to analytically establish rules govern- 
ing such basic factors. Here also arises the 
need for a statistical method. 


Some statistical means of investigating the 
effects of various factors on a phenomenon 
have already been systematized as the design 
of experiment with satisfactory results. The 
possibilities of such methods are expected 


40 = ee 
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Shikoku 
Hiroshima 
Moji 

Oita 
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Fig. 3. — x-Rs control chart. 


right-most railway division.) « Rs » is what 
is called the range, and plays the part of o 
which does in figure 2. Like the m-s control 
chart stated before, the x-Rs chart enables 
the marginal lines to be determined from 
the law of probability as to x and Rs, there- 
by making it possible to check the values 
of P. 

Strictly speaking, the application of a con- 
trol chart (*) method to the track main- 


(cross level) 


50 aE 150 
(*) For the details of the control chart method, Number of trains operated > x 
readers are requested to refer to the following Fig. 4. — Relation between P and number of 
literatures : trains operated. 
— American Society for Testing Materials : 
ASTM. Manual on Quality Control of 
Materials, 1931. to show up also in the analysis of factors 
1M. Jaan > Quality Control Handbook, 1951 governing the track. The design of experi- 
Ciena ment, originally developed from agricultural 


— W.A. SHEWHART : Economic Control of Qua- 
lity of Manufactured Product, 1951 (Van 
Nostrand). 

— British Standard, 600 R, 2564. 


experiments, is well applicable in so far as 
it is easy to handle the factors purposefully. 
In the case of railway track, however, it 1s 


298 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


not easy to fix the conditions of the experi- 
ment, so it calls for a special measure, as 
in the case a control chart is used. This is 
a point yet to be developed. However, not 
rarely is it possible that an expected result 
is obtained by statistical techniques, such as 
analysis of variance and covariance. Figure 4 
indicates the correlation between the train 
frequency and the index P for cross level 
irregularity. The ordinate gives the values 
of P for track gang sections for a period on 
the Tokaido Line (the most important trunk 
line on the JNR), and the abscissa, the 
corresponding number of trains daily oper- 
ated. It may be inferred from the figure, 
by just having a look at the distribution of 
points, that the values of P increase roughly 
with the number of trains. However, since 
each point has fluctuation including some 
considerably detached values, no definite 
judgment by a simple observation could be 
justified. On the other hand, analysis of 
covariance would make it possible to line- 
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arly express the mean values, as shown in 
figure 4, while the values of P have fluc- 
tuations corresponding to the number of 
trains. Showing that the correlation coef- 
ficient r 0.70 means that the linear 
relationship is fairly accurate. 


5. Conclusion. 


Thus far the exposition has been made 
with the statistical handling of track ir- 
regularities as an example. 

The statistical means is useful in not a few 
cases concerning materials, labor or funds as 
well as track irregularities. As stated at 
the beginning, the development of methods 
of statistical control is, for the most part, a 
future problem. This paper has restricted 
itself merely to laying stress on the useful- 
ness of the method. Readers are requested 
to recognize the fact that there are not much 
available data to serve as reference in the 
practice of maintenance of track. 
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OBITUARY. 


Brigadier John Aiton BELL, C.B.E. 


Former General Manager of the East Indian Railway. 


Former Member of the Permanent Commission of the International Railway Congress Association. 


We have learnt with great regret of the 
death on the 19th November last of Briga- 
dier John Aiton BELL, former General 
Manager of the East Indian Railway and 
former Member of the Permanent Commis- 
sion of our Association. 


Born in 1887, J. A. BELL was appointed 
to the Indian State Railways service as 
an Engineer in 1910. He remained in 
India up to 1939, occupying successively 
various important posts. 


He left India to rejoin the British Army, 
and during the 1940-1945 war he was Direc- 
tor of Railways, 2Ilst Army Group. 


Mr. BELL was appointed Member of our 
Permanent Commission in July 1939 and 
he participated during the same year to 
the Enlarged Meeting of the Permanent 
Commission in Brussels. He showed the 
greatest interest in the work of our Asso- 
ciation. His affability of character gained 
him the sympathy of all his colleagues. 


We offer to his family our sincere con- 
dolences. 


The Executive Committee. 


NEW BOOKS AND PUBLICATIONS. 
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Direzione Generale, Ferrovie dello Stato. — Relazione per lanno financiario 1958-59 et Dati 
analitici. complementari alla Relazione per Vanno financiario 1958-59 (Report on the year 
1958-59 and Additional Statistical data to the Report on the financial year 1958-59). — Two 
volumes (8 1/4 < 12 in.) of 224 and 328 pages respectively, with numerous tables, graphs 
and figures. — 1960, Roma, Direzione Generale Ferrovie dello Stato, Piazza della Croce 


Rossa. 


Under the titles « Relazione per l’Anno 
financiario 1958-59 » and « Dati analitici 
complementari », two large volumes have 
been published by the General Manage- 
ment of the F.S. These documents, of 
pleasant appearance with a certain number 
of photographs and some maps, give an 
accurate impression of what the year under 
review meant for the Italian Railways. 
We can merely give a brief review of them 
here, taken from a summary in French 
issued by the F.S. under the title « Report 
for the Year 1958-59. — General review ». 

Looking the facts in the face, the report 
begins by reporting a deficit, though a 


smaller one than that for the previous 
year; it amounts to 12.6 % of the net 
expenditure. ‘The losses sustained do not 


mean, according to the report, that the 
railways are now an anti-economic means 
of transport, as the main lines of the sys- 
tem have always shown a profit. The 
report mentions some of the causes for 
the deficit: obligation to keep open lines 
showing a deficit; insufficient help from 
the State; tariffs maintained at a very low 
level for political reasons; the cost of pen- 
sions. 

As in the past, the Administration has 
not ceased to modernise the installations. 
The works of electrification and doubling 
of the track have continued: the rearrang- 
ing of stations on more rational lines and 
the renewal of the rolling stock are includ- 
ed in a five year plan which was begun 
in 1956-57. The Italian railways are pro- 
gressively introducing long welded rails; 


58 level crossings have been equipped with 
semi-barriers and refuge islands; palletisa- 
tion has been increased; a special rail-road 
service has been introduced between Turin 
and Paris; the automatic checking of way- 
bills and station accounts has been centra- 
lised at Turin, where an electronic cal- 
culator has been put into service. 


As regards competition from other me- 
thods of transport, the number of passenger 
motor vehicles has remained approximately 
the same, except in the case of motorcycles, 
which have greatly increased in numbers; 
air transport appears to have a_ traffic, 
esumated in passenger-km, corresponding 
to 2 % of the railway traffic, whilst the 
capacity of motor lorries has increased by 
Sees 

The passenger traffic, estimated in train- 
km and passenger-km has slightly increased; 
the gross receipts from this traffic amount- 
ed to 51.3 % of the total traffic receipts. 
The goods traffic showed a slight decline; 
its receipts represent 46.4 °% of the total. 
The remainder of the receipts, i.e. 2.3 % 
came from the luggage service. 


The number of staff of all categories 
amounted at the end of the year to 
193 728, ie. a reduction of 4.22 %. 

Steps to abandon lines showing a deficit 
by replacing the train services by other 
methods of transport always come up 
against numerous difficulties: during the 
year in question this could only be done 
effectively on 8 km of standard gauge and 
240 km of narrow gauge lines. On the 
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other hand, the State subsidised the con- 
struction of 45 km of new lines. In the 
sphere of electrification, 397 km of single 
track and 28 km of double track 
equipped with catenaries. 

The stock of coaches and wagons for 
standard gauge slightly increased (2.5 %), 
whilst that for narrow gauge (total extent 
of such lines: 347 km) diminished con- 
siderably. 

As regards the ferry-boat services across 
the Straits of Messina, a new unit, the 
« Reggio » (with 340 m of useful track) 
is under construction; the new boat will 
join early in 1960 the five other boats 
already in service here. [wo other boats 
are on order for use on the Sardinia line, 
the working of which has just been handed 
over to the F.S. 


were 
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The annual report also mentions the 
construction of many houses for the staff : 
738 flats in Rome and 857 in various other 
localities; within the framework of the 
public building programme, 916 additional 
apartments have been completed and rent- 
ed to railway workers, whilst 939 others 
are under construction. In addition, the 
Administration has begun to build in 
Rome an old people’s home for railway- 
men, financed partly by shares taken up 
by the staff itself. During the year in 
question, the staff also profited by an 
appreciable iucrease in wages and pensions. 

The report (in the abbreviated French 
edition) ends with a concise analysis, in 
4 pages, of the financial results for the 
year. 

ANG Ie 


CHEMINS DE FER DE L’ETAT ITALIEN — FS. 59 (The Italian State Railways). — One 
volume (8 1/4 =< 11 in.) of 100 pages with numerous maps and photographs in black and 


white and colour. — 
Railways. 


The Italian Railways have just published 
their report on the year 1958-59. 

Like the previous reports, this com- 
mences by an analysis of the financial 
operation of the undertaking; the overall 
results are given, the repercussions of the 
general economic position of the country 
upon railway transport is examined, and 
the movement of supplies and orders for 
national industry. 

The report then defines the general 
orientation of the commercial and econo- 
mic policy of the railway and deals at 
length with the question of tariffs, as well 
as that of long distance bulk transport. It 
also stresses the value of collaboration with 
other European railways and proper co- 
ordination with road transport. 

Numerous graphs and _ statistics illustrate 
the progression and improvement in the 


1960, published by the Records Department of the Italian State 


traffic position. The quality of the ser- 
vices offered to clients both in the pas- 
senger and goods fields is evaluated on 
a realistic basis. 

The achievements during the year 1958- 
59 in all fields of railway technique are 
also the subject of a detailed report: elec- 
trification, permanent way and bridges, im- 
provement of the rolling stock, studies and 
trials... 

An important chapter of the report is 
devoted to the education of the staff, 
automation, the organisation of the work 
and increase of productivity, as well as to 
social matters. 

It ends by reporting the 
to be put in hand during 
years. 


bold projects 
the next few 
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BERGHAUS (Erwin). — Auf den Schienen der Erde. Eine Weltgeschichte der Eisenbahn. 
(On the rails of the world. A world history of the railway.) — One volume (6 x 8 3/4 in.) 
of 368 pages with 107 photos, 19 drawings, 16 maps and 10 tables.—1960, Munich, 3 Schliess- 


fach, Siiddeutscher Verlag, Buchverlag, Sendlinger Strasse 80. — (Price: 


DM 27.30.) 


The author, having collected a_ very 
abundant documentation taken from the 
most diverse sources, has taken pains to 
make his work, subtitled « World History 
of the Railway », interesting to read, with- 
out superfluous technical details, but full 
of historical facts and anecdotes. 

From the very beginnings down to con- 
temporary times, the multiple aspects of 
railway operation are dealt with. ‘The 
work follows step by step the development 
of the railway from the birth of the « iron 
horse » in the English mines to the com- 
pletion of the European network, which 
has taken the continent over to a new 
type of economy and _ revolutionised the 
life conditions of everyone. The author 
shows likewise how the railway has been 
a powerful ally of American industry, and 
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bound in cloth, 


in particular how it has made possible 
famine relief to India, the development of 
African territories and the industrialisation 
of Japan. 

The improvement in comfort and safety, 
the increase in the average speeds, thanks 
to electrification, dieselisation and the use 


of electronic devices are gone into at 
length. 
Complete chapters are finally devoted 


to those railway activities with which the 
public is less familiar. 

This book, which in addition is co- 
piously illustrated, is sure of a favourable 
reception from all those who for various 
reasons are interested in the past and pre- 
sent history of the railway. 


W. v. R. 


Schweizerische Verkehrsstatistik, 1959 (Swiss Transport Statistics, 1959). — One volume (8 1/4x 
11 1/2 in.) of 174 pages with numerous tables and 5 graphs appended. — 1960, Berne, publish- 
ed by the Federal Transport Office. — (Price : 15 Swiss francs). 


The Federal Transport 
has just 


Office (Berne) 
published (November 1960) _ its 
annual « Swiss ‘Transport Statistics », which 
make it possible to get a general picture 
of the evolution of transport from one year 
to another. 

If the year 1958 saw a certain decline 
in the general economy and in railway 
goods traffic, 1959 on the contrary showed 
a recovery, especially during the second 
half. ‘Phe tonnage of imports and exports 
reached a new record. 

On the Ist October 1959, the passenger 
tariffs of the C.F.P. were slightly increased, 


but a decree obliged the other railways to 
bring their tariffs in line with those of 
the Federal Railways. In spite of this 
increase, other undertakings were able to 
reduce their transport rates. Together with 
the enormous increase in foreign visitors, 
all this led to a remarkable increase in 
the passenger traffic. As for the goods 
traffic, this increased by 6.5 a Ol athe 
C.F.F. and 9.6 %% on the private railways. 
Thus the operating coefficient of the Fe- 
deral Railways amounted to 89 %% (com- 
pared with 89.2 © in 1958), whilst in the 
case of the private railways, it was 99.3 9% 
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(compared with 101.4 % for the previous 
year). 

We might also point out in passing that 
the average journey length was the fairly 
satisfactory one of 102 km. 

The special railways, less affected by 
road competition, profited to the full from 
this situation. Nine new installations were 
carried out during 1959 and others are to 
follow. However, the financial situation 
is not so brilliant: more than one quarter 
of the 93 undertakings ended with a deficit. 

In the case of tramways, motorbuses, etc., 
the increase in traffic was only 1 %. Dur- 
ing the year, 20 km of tramways were re- 
placed by buses or trolleybuses. 

In the case of the road, the number of 
vehicles, which increased by some 70 000, 
is now more than 800000. To this traffic 
must be added the foreign cars and motor- 
cycles, more than 17 million of which 
visited Switzerland during 1959. 
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There has been an extraordinary in- 
crease in international goods traffic by 
road: the tonnage has increased more than 
fivefold since 1951 in the case of imports, 
whilst in the case of exports it has increased 
nearly six times. During the year in ques- 
tion, it increased by 32.8 % in the case 
of imports, and 66 % in the case of exports. 
The statistics give details of the kinds of 
goods concerned. 

Navigation on the lakes increased by 
15 % in the case of passenger traffic. Traf- 
fic on the Rhine fell off, owing to the 
low level ot the river since September. 


Air traffic (Swissair) once more increased 
by 3.5 %, a figure lower than the increase 
for the previous year. 

The work ends with various extremely 
interesting graphs and a map of the funi- 
cular and telpher lines. 

125 tsiela, 


Chemins de fer (Railways), special issue of the quarterly review Science et Vie (No. 53). — 
A pamphlet (6 3/4 « 91/2 in.) of 160 pages, copiously illustrated. — 1960, Paris (8°), 
Science et Vie, 5, rue de La Baume. — (Price : 3 NF). 


The most recent special number of the 
review Science et Vie is devoted entirely 
to the railway and to some extent deals 
with the most recent innovations since a 
similar issue appeared in 1952. 


In the editorial, Mr. Ph. DARGEOU, 
General Manager of the S.N.C.F., declares : 
« The railway is one of the great links 
between science, which makes its progress 
possible, and modernisation, and the eco- 
nomic life of the country to which it makes 
such a powerful contribution ». The pre- 
sent issue shows in effect that if the rail- 
way is in full evolution in every sector, 
such evolution is taking place without los- 
ing sight of the fact that its essential mis- 
sion is to serve the community. 


In an important article: « The railway 
artisan of European integration » Mr. DE 


Vos, General Manager of the S.N.C.B., 
makes it clear that the railway was one 
of the first to promote the evolution of 
the peoples towards better collaboration. 
The various international organisations set 
up by the railway systems for the exchange 
of information may be quoted as an 
example to an Europe endeavouring to 
achieve unification. 


After a history of the rail, fully docu- 
mented and illustrated, various articles deal 
with the progress achieved both in the case 
of the permanent way and Diesel and elec- 
tric traction, and in that of safety, traffic 
and management. 

The new stage the permanent way de- 
partment is now covering concerns essen- 
tially the mechanisation of maintenance 
work, the Jaying of long welded rails and 
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mechanised checking of the condition of 
the track. 


After the era of D.C., electric traction 
has deliberately swung over to industrial 
frequency A.C. This new orientation has 
led to the creation of multi-current engines 
allowing of the joining up of networks 
having a different system of electrification 
without having to have multi-voltage sta- 
tions or changing locomotives. At the 
same time, the substations have also under- 
gone considerable evolution and are already 
profiting by telecontrol to adjust the run- 
ning of the installations to the traffic re- 
quirements. 


Important developments in Diesel trac 
tion and the special features thereof are 
also reported. 


An increase in safety has been brought 
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about by the use of electric devices and 
telecontrols and checks, different examples 
of which are given. 


In addition electronic management is 
the subject of an article by Mr. R. HUTTER, 
Manager of the Research Department of 
the S.N.C.F. The electronic machine 
acquired by the S.N.C.F. will not only 
supply all necessary data concerning the 
movement of wagons, movement of trains, 
and the management of the stock, but also 
get out the wages due to employees, carry 
out the work of the Insurance Office, pen- 
sions office and statistical and commercial 
accountancy work as well as making it pos- 
sible to carry out scientific research work. 


A final article is devoted to the evolu- 
tion of the Metropolitan Railway. 


W..-v; JK4 
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I. — BOOKS. 
1960 625 .14 
In French. Prof. Dr.-Ing. habil. G. POTTHOFF. 
Gleisentwicklungen. 
Berlin, VEB-Verlag Technik. 120 Seiten (14.7 x 21.5 
160 656 .25 | cm) mit 120 Abbildungen und 33 Tafeln. (Preis, Kunst- 


AONNIER (André). 

Exploitation technique du Chemin de fer. La Sécurité 
fransport. 

iris (V®), Editions Eyrolles, 61, boulevard Saint- 
main. Un volume (16 x 25 cm) de 176 pages, avec 
igures et 9 planches photographiques hors texte. 
B: 20.20 N.F.) 

160 62 (O1 
NDIN (Ch.). 

ide-mémoire Dunod. Résistance des matériaux et des 
ns. (Calculs de béton armé et béton précontraint). 
édition. 


iris, Dunod, éditeur. Un volume (10 x 14 cm) de 
pages avec figures. (Prix : 6.80 N.F.) 

In German. 
160 621 .13 (02 


ring. Dr.-Ing. K. EWALD. 
enschel-Lokomotiy-Taschenbuch. 1960. 

assel, Henschel-Werke. Zwei in sich geschlossene 
yinde mit gemeinsamen Plastikeinband. 516 Seiten 
x 17 cm), mit zahlreichen Abbildungen und Tafeln. 
is : DM 16.80) 


160 624 .2 
\.NDENZ (H.). 

lomenten-Einflusszahlen fiir Durchlauftrager mit be- 
yen Stiitzweiten. 3. Auflage. 

tlin. Wilmersdorf, Springer-Verlag, Heidelberger 
z, 3. 90 Seiten (15.5 x 23 cm) mit Abbildungen. 
is : DM 7.50.) 


160 691 
IN (J.). 

yannbeton. 

iisseldorf, Werner-Verlag, 167 Seiten (17 x 24 cm) 
zahlreichen Abbildungen. (Preis : DM 36.—.) 


leder : DM 11.50.) 


1961 
Dr.-Ing. habil. H. SCHONFELD. 
Die wissenschaftlichen Grundlagen der Elektrotechnik. 
3° Auflage, bearbeitet von Dr.-Ing. J. FISCHER. 
Berlin-G6ttingen-Heidelberg, Springer-Verlag. 319 Sei- 
ten mit 298 Abbildungen. (Preis, Ganzleinenband : 
DM 27.—.) 


621 .3 


In English. 


1961 385 .113 (944) 
Annual Report 1959-1960. — Department of Railways 

New South Wales. 

One brochure of 40 pages, fully illustrated. 

Sydney : Office of the Commissioner for Railways, 
19, York Street. 


1961 
British Locomotives. 

One brochure (10 3/4 x 81/4 in.) of 88 pages, fully 
illustrated. 

London : Locomotive and Allied Manufacturers’ Asso- 
ciation of Great Britain, Locomotive House, Buckingham 
Gate, S.W.1. (Price : 15 s.) 
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1961 621 .132 .1 
DAY (J.R.) & COOPER (B.K.). 
Railway Locomotives. 


One volume (7 1/2 x 5 in.) of 144 pages, illustrated. 


London : Muller Limited, 110, Fleet Street, E.C.4. 
(Price : 9 s. 6 d.) 
1961 621 .132 .1 (42) 


Locomotives of the Great Western Railway. Part 8 : 

Modern passenger classes. 

Published by the Railway Correspondence and Travel 
Society and obtainable from the Hon. Publications Officer 
N.J. Claydon, 19, Dene Court Road, Olton, Solihull, 
Works. (Price : 9 s.) 


ee ee ee eee Sa PL 


(1) The numbers placed over the title of each book are tho 
intly with the Office Bibliographique International, of Brussels, 


se of the decimal classification proposed by the Railway Congress 
(See « Bibliographical Decimal Classification as applied to Railway 


ce ». by L. WEISSENBRUCH, n the number for November 1897, of the Bulletin of the International Railway Congress, p. 1509). 
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ey hy = 


1961 385.58 


VINCENT (C.). 
Railwayman. , 
One volume (10 8 in.) of 76 pages, illustrated. 
London : Lutterworth Press, 4, Bouverie Street, E.C.4. 
(Price ; 10s. 6 d.) 


1960 621 132 .1 (4 


WESTWOOD (J.N.). 
Russian locomotive types. 
One volume (7 * 5 in.) of 104 pages, illustrate 
Published by the author, at Oakleigh Close, Backwe 
Bristol. (Price : 10 s.) 
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Il. — PERIODICALS. 


In French. 


Acier - Stahl - Steel. (Bruxelles.) 


1961 625 .245 
Acier - Stahl - Steel, janvier, p. 19. 

DEFAY (A.). — Wagons spéciaux. (4000 mots 
& fig.) 

1961 62 (01 


Acier - Stahl - Steel, janvier, p. 41. 

SAHMEL (P.). — Détermination graphique des ten- 
sions principales et des tensions de comparaison. (1 000 
mots, tableaux & fig.) 


Annales de 1I’Institut Technique 
du Batiment et des Travaux Publics. (Paris.) 


1961 624 51 (44) 

Annales de l'Institut Techn. du Batiment et des Trav. 
Publics, janvier, p. 1. 

Pont-route de Tancaryille, le plus grand pont suspendu 
d’Europe. 

HUET (M.). — Historique, description générale, 
exploitation. (3000 mots & fig.) 

LEBELLE (P)). — Viaduc 
(3 000 mots & fig.) 


ESQUILLAN (N.) — Ancrages. (2500 mots & fig.) 


ESQUILLAN (N.) — Fondations des pylones. (2 000 
mots & fig.) 


ESQUILLAN (N.) — Pylones en béton armé. (2 500 
mots & fig.) 


DELCAMP (A.), — Travées suspendues. (2 000 mots 
& fig.) 


ESQUILLAN (N.). — Dalles en béton armé 
chaussée et sous trottoirs. (2000 mots & fig.) 


d’accés rive gauche. 


SOUS 


Bulletin de Documentation S.C.E.T.A. 
(Paris.) 
1961 656 .212 
Bull. de Documentation S.C.E.T.A.. février, p. 1. 


Comment disposer des palettes sous une halle mar- 
chandises. (1 000 mots & fig.) 


Bulletin de l’Office de Recherches et d’Essa 
de ’U.LC. (Utrecht.) 
1961 621 .. 


Bulletin de 1’O.R.E., n° 12, janvier, p. 9. 
Etude sur les isolateurs de section. (1 200 mots & fis 


1961 656 .212 
Bulletin de 1°O.R.E., n° 12, janvier, p. 12. 


Appareils enregistreurs de choc. (1 000 mots & fis 


1961 6' 
Bulletin de 1°O.R.E., n° 12, janvier, p. 15. 
Protection des matériaux. (4 suivre.) (1 500 mot: 


Bulletin technique de la Suisse Romande. 
(Lausanne.) 

1961 624 .63 (49 

Bull. techn. de la Suisse Romande, 11 février, p. 2 

de KALBERMATTEN (G.) et BURRI (F.). — 


Un nouveau pont sur le Rhone a Fully. (1 800 mc 
& fig.) 


Bulletin des Transports Internationaux 
par Chemins de fer. (Berne.) 


1961 385 
Bull. des Transp. Intern. par Ch. de fer, janvier, p. < 
GUEULLETTE (S.). — La révision des Conventio 
CIM et CIV en fonction du risque nucléaire. (3 000 mot 


C.F.F. (Berne.) 


1961 656 .226 (4 
C.ELF., février, p. 6. 
HIRNI (R.). — Chiasso a inauguré un nouve 


systéme de chargement des marchandises. (900 me 
& fig.) 


1961 625 .282 (45 
C.F.F., février, p. 10. 
LOOSLI (H.). — Les locomotives de manceuvre dies 


électriques Bm 4/4, n°® 18401 et suivants. (1 000 m« 
& fig.) 


coe? i eared 


Chemins de fer. (Paris.) 


0 621 .335 (44) 
ins de fer, novembre-décembre, p. 185. 

IRE (D.). — Premiers pas d’une locomotive 
Z a bogies C «monomoteur ». (1000 mots 


0 621 .431 .72 
ins de fer, novembre-décembre, p. 189. 

RAY (J.). — La transmission hydraulique sur les 
\otives Diesel de grande puissance. (2000 mots 


) 

0 625 .24 (44) 
ins de fer, novembre-décembre, p. 203. 
IRTENS (M.) et MOREAU (G.). — Le matériel 
andises moderne de la S.N.C.F. (Suite.) (2 000 mots 
) 


Génie Civil. (Paris.) 
1 669 .1 
- Civil, n° 3533, 1° février, p. 60. 
volution récente des aciers spéciaux. (3 000 mots, 
ux & fig.) 


1 669 .1 
, Civil, n° 3533, 1&7 février, p. 68. 

STIEN (P.) et PORTEVIN (Ph.). — Influence 
trure d’aluminium sur la forgeabilité des aciers. 
mots & fig.) 


L’Ingénieur. (Montréal.) 
0 621 .3 
énieur, n° 184, p. 19. 
NCTOT (B.). — Le calcul électronique appliqué 
-avaux de génie. (2000 mots & fig.) 


ioires de la Société des Ingénieurs Civils 
de France. (Paris.) 

669 .71 

vires de la Soc. des Ing. Civils de France, janvier, 


MAS (A.). — Aluminium et progrés technique. 
) mots & tableaux.) 


Organisation Scientifique. (Bruxelles.) 

0 621 9 
isation Scientifique, novembre, p. 231. 

MANS (E.). — La contribution des équipements 
itement électronique des données et d’instruments 
ires a l’automation des machines-outils. (3 000 mots 
leau.) 


0 621 .31 
isation Scientifique, décembre, p. 259. 
ITT (A.R.). — L’automation dans les centrales 


iques. (5000 mots & fig.) 


6* 


Rail et Traction. (Bruxelles.) 


1960 656 .2 (54) 
Rail et Traction, septembre-octobre, p. 307. 

BAEYENS (F.). — Indian Railways. (2000 mots 
& fig.) 

1960 621 .335 (43) 


Rail et Traction, septembre-octobre, p. 321. 
VAN GEEL (P.). — Les automotrices triples type 
ET 30 de la D.B. (2000 mots & fig.) 


Revue ACEC. (Charleroi.) 
1960 
Revue ACEC, n° 3, p. 24. 


GRANIER (E.). — Les locomotives 50 Hz a redres- 
seurs au silicium. (7500 mots & fig.) 
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Revue Générale des Chemins de fer. (Paris.) 


1961 625 .27 (44) 
Revue Générale des Chemins de fer, février, p. 69. 

GARIBALDI. — Le poste de visite au défilé en gare 
de Pierrelatte (ligne de Paris 4 Marseille). (3 500 mots 
& fig.) 

1961 656 .211 (44) 
Revue Générale des Chemins de fer, février, p. 81. 

CHARON et ROBERTIN. — Les installations 
terminus de la gare de Suresnes (Région de l'Ouest 
de la S.N.C.F.). (2000 mots & fig.) 


1961 621 .431 .72 (44) 
Revue Générale des Chemins de fer, février, p. 89. 

LAGACHE et SAUL. — La conversion 4a la traction 
Diesel du Dépét de « La Plaine ». (2500 mots & fig.) 


1961 625 .41 (44) 
Revue Générale des Chemins de fer, février, p. 97. 

Le Métro aérien suspendu sur pneumatiques. Essais 
effectués a Chateauneuf-sur-Loire. (1 800 mots & fig.) 


1961 625 .112 (3) 
Revue Générale des Chemins de fer, février, p. 107. 

L’écartement des voies de chemin de fer dans le monde. 
Les problémes posés par les differences d’écartement 
des rails dans les Chemins de fer Européens. (2 000 mots, 
tableaux & fig.) 

1961 621 .33 (494) 
Revue Générale des Chemins de fer, février, p. 118. 

L’électrification des Chemins de fer Fédéraux Suisses. 
(1 500 mots & fig.) 


La Traction Electrique dans les Chemins de fer. 


(Bruxelles.) 
1960 621 .335 (494) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 12, décembre, 
5 SEeRe 
WEBER (H.H.). — Les locomotives de manceuvres bi- 
fréquence des C.F.F. (5 600 mots & fig.) 
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1960 621 .314 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 12, décembre, 
aOUSs 
CORBYN (D.B.) et POTTER (N.L.). — Les caracté- 
ristiques et la protection des redresseurs a semi-conduc- 
teurs. (a suivre). (4300 mots & fig.) 


1960 621 .33 (42) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 12, décembre, 
p. 627. 
British Railways electrification conference. (1 700 mots 
& fig.) 


Les Transports Publics. (Berne.) 


1961 656 (4) 
Les Transports Publics, février, p. 1. 

Que signifie lintégration européenne des transports ? 
(2000 mots & fig.) 


1961 385 .113 (494) 
Les Transports Publics, février, p. 10. 


Les Chemins de fer Fédéraux en 1960. (700 mots.) 


La Vie du Rail. (Paris.) 


1961 625 :282 (44) 
La Vie du Rail, 29 janvier, p. 3. 

Les nouveaux locotracteurs S.N.C.F. de la série 
Y 1500. (1 000 mots & fig.) 

1961 656 .226 


La Vie du Rail, 12 février, p. 18. 
Le colis express. (SOO mots & fig.) 


In German. 


Deutsche Eisenbahntechnik. (Berlin.) 


1961 625 .211 
Deutsche Eisenbahntechnik, Januar, S. 17. 
SEEL (G.). — Untergestelle von Reisezugwagen mo- 


derner Bauart mit Mittelpufferkupplung. (3 000 Wé6rter 
& Abb.) 

1961 625 .143 .4 
Deutsche Eisenbahntechnik, Januar, S. 23. 

WODARA (J.) und NOVAK (W.). Anwendung der 
alumino-thermischen Schmelzgusschweissung bei der 
Herstellung liickenloser Gleise. (2000 Wéorter, Tafeln 
& Abb.) 

1961 6255251 
Deutsche Eisenbahntechnik, Januar, S. 27. 

KURZ (H.). — Die Ermittlung des Zeitzuschlages fiir 
das Bremsen in zwei Abschnitten. (1 000 Worter & Abb.) 


1961 656 . 
Deutsche Eisenbahntechnik, Januar, S. 29. 
SCHMID (K.). — Vereinfachte Losung der Z 


bewegung auf Anlaufsteigungen. (600 Worter & Abb. 


1961 625 
Deutsche Eisenbahntechnik, Januar, S. 31. 

PETR TYC. — Schutz des Eisenbahnplanums mit 
PVC-Folien. (1 500 Worter & Abb.) 


1961 624 
Deutsche Eisenbahntechnik, Januar, S. 34. 
SACKEL (R.). — Zum Spannungszustand in kr 


formig gekriimmten Tragern mit Kastenquerschn 
(1 200 Worter & Abb.) 
1961 656 .25€ 


Deutsche Eisenbahntechnik, Januar, S. 37. 

FISCHER (E.). — Die Schaltung des automatise 
Streckenblocks fiir Fernbahnen (Bauart WSSB). (4! 
Worter & Abb.) 


1961 625 . 
Deutsche Eisenbahntechnik, Januar, S. 43. 
WACHTER (A.). — Untersuchungen von Gum 


federelementen fiir Giiterwagendrehgestelle. (600 WO! 
& Abb.) 


Der Eisenbahningenieur. (Frankfurt am Mai 


1961 656 .2 ( 
Der Eisenbahningenieur, Januar, S. 2. 
GEITMANN (H.). — Die fortschrittliche Bundesba 
(4 000 Worter.) 
1961 
Der Eisenbahningenieur, Januar, S. 7. 
KNEIDL (J.). — Der Werkstattendienst bei der De 
schen Bundesbahn. (4 000 Worter.) 


625 .26 ( 


1961 
Der Eisenbahningenieur, Januar, S. 13. 
STRECKER (J.). — Untersuchung yon massiven B 
werken. (3 600 Worter & Abb.) 


62 (Ol: 


1961 625 . 
Der Eisenbahningenieur, Januar, S. 19. 

KUHNEL (A.). — Mechanisierung der Schneerit 
arbeiten. (1 600 Worter & Abb.) 

1961 6255 
Der Eisenbahningenieur, Januar, S. 23. 

HEROLD (K.). — Neuzeitliche Federfertigung | 
-aufarbeitung. (2 500 Wérter & Abb.) 


E.T.R. - Eisenbahntechnische Rundschau. 
(K6In-Darmstadt.) 
1960 625.143 
Eisenbahntechnische Rundschau, Dezember, S. 514. 
NEMESDY (E.). — Berechnung waagerechter Gl 
yerwerfungen nach neuen ungarischen Versuchen. (10 
Worter, Tafeln & Abb.) 


oe we 


60 625 .28 (43) 
\bahntechnische Rundschau, Dezember, S. 534. 
SLGNER (F.-W.). — Gedanken zur Struktur- 
lung der Zugférderung bei der Deutschen Bundes- 
. (5000 Worter & Tafeln.) 


60 625 .62 (43) 
\bahntechnische Rundschau, Dezember, S. 541. 
CK (J.). — Die Erweiterung der Hamburger S- 


. (Fortsetzung.) (7 000 Woérter & Abb.) 


60 625 .143 .3 
\bahntechnische Rundschau, Dezember, S. 558. 
RESSLER (A.). — Zur Ursache der Riffelbildung 
en Fahrflachen von Eisenbahnschienen. (1 300 Wor- 
t Tafeln.) 

60 625 .234 
\bahntechnische Rundschau, Dezember, S. 560. 
ICH. — Schnell-Dampferzeuger fiir die Zugheizung 
iesellokomotiven. (1 000 Wo6rter & Abb.) 


Elektrische Bahnen. (Miinchen.) 


60 621 .31 (43) 
rische Bahnen, Heft 12, S. 257. 
LB (E.). — 25 Jahre elektrischer Zugbetrieb mit 


1asenwechselstrom 50 Hz auf der Hollental- und 
Seen-Bahn der Deutschen Bundesbahn. (3 900 
er & Abb.) 

50 621 .331 (43) 


rische Bahnen, Heft 12, S. 268. 
s Dampfkraftwerk Diisseldorf-Lausward und seine 
eziehung in die Energieversorgung der Deutschen 
lesbahn. (6 400 Worter & Abb.) 


ektrotechnik und Maschinenbau. (Wien.) 


51 621 .313 
rotechnik und Maschinenbau, 1. Februar, S. 128. 
_AUDY (P.). — Fortschritte im Bau von Unipolar- 
hinen durch Anwendung yon Fliissigkeitskontakten. 
00 Worter & Bilder.) 


51 621 .31 
rotechnik und Maschinenbau, 1. Februar, S. 156. 
QUENZ (H.). — Sonderbauarten von drehzahl- 
baren Induktionsmotoren. (6 200 Worter & Abb.) 


51 621 .31 
rotechnik und Maschinenbau, 1 Februar, S. 163. 
TITEL (J.). — Anlaufschaltungen bei Asynchron- und 
hronmaschinen ohne Stromunterbrechung. (2 900 
er & Bilder.) 


Z. Elektrotechnische Zeitschrift. (Berlin.) 
a1 6215) 
Be 3n Januar, 9. 25 

HULTHEISS (F.). — Ein- oder zweipolige Schaltung 
3etitigungsstromkreise von Leistungs-, Trenn- und 
agsschaltern? (4 500 Worter & Abb.) 


1961 
Bol AZ. 230 Jaluars sn 20) 
WEISS (H.). — Das Ubertragen kleiner elektrischer 
Messwerte yon schnell rotierenden Maschinen auf 
ruhende Anzeigegerate. (5 100 Worter & Abb.) 


621 .31 


1961 
Ee, Dotees. canlanss. 34. 
POLENZ (F.). — Gedanken zur Frage der Anpassung 
der Lackdraht-Normen an die Entwicklung der Draht- 
lacke. (4 350 Worter & Abb.) 


621 31 


1961 
EOZ.. 23. Januar, S$: 38. 


621 .31 


Synchronmotoren fiir Frequenzumformersatze. (400 
Worter & Abb.) 

1961 G2Zime3il 
E.T.Z., 6. Februar, S. 49. 

HOCKS (K.). — Kappenisolatoren aus vergiitetem 
Glas. (5 600 Worter & Abb.) 

Europa Verkehr. (Darmstadt.) 

1960 691 
Europa Verkehr, Heft 4, S. 225. 

MINETTI (H.). — Stahlbeton auf Verkehrswegen. 
(1 800 Worter & Abb.) 

1960 625 .244 (4) 


Europa Verkehr, Heft 4, S. 233. 
DELORY (F.). — Le transport par chemin de fer 
des denrées périssables, en Europe. (2 200 Worter & Abb.) 


Glasers Annalen. (Berlin.) 

1960 385 (09 .3 (43) 
Glasers Annalen, Dezember, S. 612. 

125 Jahre Deutsche Eisenbahnen, 1835-1960. (5 000 
Worter & Abb.) 

1960 
Glasers Annalen, Dezember, S. 620. 

WIENS (G.). — Die Dieselhydraulik bei der Deut- 
schen Bundesbahn. (6000 Worter & Abb.) 


621 .431 .72 (43) 


1960 6258213 
Glasers Annalen, Dezember, S. 630. 

PIATSCHECK (H.). — Das Ergebnis einer sechs- 
jahrigen Erprobung sechs verschiedener Gummi-Achs- 
lagerfeder-Systeme im Fahrbetrieb des Braunkohlen- 


tagebaues. (9000 Worter & Abb.) 


1960 625 .245 (43) 
Glasers Annalen, Dezember, S. 647. 


ECKHARDT (C.-H.). Dieselhydraulischer Auf- 


| gleiskranwagen. (3 000 Worter & Abb.) 


oe AGS 


Leichtbau der Verkehrsfahrzeuge. 
(Frankfurt am Main.) 
1961 669 .71 
Leichtbau der Verkehrsfahrzeuge, Januar-Februar, S.4. 


WAUSCHKUHN (E.). — Neuerungen in der 
Schweisstechnik yon Aluminium. (4000 Worter & Abb.) 


1961 625 .2 & 669 .71 
Leichtbau der Verkehrsfahrzeuge, Januar-Februar, S. 16. 

STAFFORD (F.L.). — Die Wirtschaftlichkeit yon 
Eisenbahnfahrzeugen in Leichtbauweise. (5 000 Worter, 
Tafeln & Abb.) 


Der Offentliche Verkehr. (Bern.) 


1961 
Der Offentliche Verkehr, Februar, S. 3. 
Was bedeutet die europdische Verkehrsintegration ? 
(1 500 Worter.) 


656 (4) 


Siemens-Zeitschrift. (Berlin.) 


1961 
Siemens-Zeitschrift, Januar, S. 31. 
HENNING (W.). — Fernwirkanlagen in der Bahn- 
stromyersorgung. (4500 Worter & Bilder.) 


621 .31 


1961 621 .31 
Siemens-Zeitschrift, Januar, S. 50. 
MULLER (W.). — Untersuchung der Spannungs- 


kurvenform von Priiftransformatoren an einem Modell. 
(5 200 Worter & Bilder.) 


1961 656 .257 (494) 
Siemens-Zeitschrift, Januar, S. 60. 
ALTMANN (M.). — Gleisbildstellwerke fiir die 


Schweizerischen Bundesbahnen. (500 Worter & Abb.) 


Signal und Draht. (Frankfurt am Main.) 


1961 
Signal und Draht, Januar, S. 1. 
RUFFLER (D.). — Fernschriftliche Ubermittlung 
von Wagendienstmeldungen. (2500 Wéorter & Abb.) 


656 .254 


1961 
Signal und Draht, Januar, S. 6. 
LEITENBERGER (W.) und SALZMANN (W.), — 
Kabel mit Zwergtuben im Fernmeldenetz der Deutschen 
Bundesbahn. (2 000 Worter & Abb.) 


656 .254 (43) 


Technische Mitteilungen Krupp. (Essen.) 


1960 a 621 .431 
Technische Mitteilungen Krupp, Dezember, S. 119. 
DIKO (K.). — Elektronisches Messen an Brenn- 


kraftmaschinen. (9 000 Wérter & Abb.) 


Verkehr. (Wien.) 


1961 
Verkehr, Nr. 5, 4. Februar, S. 145. 
SCHANTL (M.). — Die OBB als Auftraggel 
der Wirtschaft. (700 Worter.) 


656 (4: 


In English. 


Bulletin, American Railway Engineering 
Association. (Chicago.) 


1960 625 17200 
Bulletin, American Railway Engineering Associatic 
December, p. 453. 
Report of Committee 27. — Maintenance of Way. 
Work equipment. (28 pages with tables & figs.) 


The Chartered Mechanical Engineer. 
(London.) 


1961 621.1325 
The Chartered Mechanical Engineer, February, p. 

SKEAT (W.O.). — Landmarks in steam locomot 
design. (4600 words & figs.) 


Electric Traction on the Railways. (Brussel 


1960 621 .431 .72 ( 

Bulletin of the International Railway Congress As 

ciation — Electric Traction on the Railways, No. 
December, p. 567. 

CAMPOSANO (P.) and BRANDANI (V.). — 7 
series 341 and 342 Diesel locomotives of the Italian St 
Railways. Performance characteristics given by dy 
mometer recordings. (7 200 words & figs.) 


1960 621 .431 .72 (4 
Bulletin of the International Railway Congress As 
ciation — Electric Traction on the Railways, No. 
December, p. 596. 
HONDIUS (H.). — The 2100 HP series 060- 
Diesel-electric locomotives for the Rumanian State R 
ways. (9 300 words & figs.) 


The Engineer. (London.) 


1961 
The Engineer, February 3, p. 172. 
Automatic marshalling yards. (1 600 words & f 


656 .212 739 


1961 
The Engineer, February 10, p. 199. 
LUCAS (H.W.). — Electro-pneumatic contactors 
traction. (3 400 words & figs.) 


621 


a Arh cone 


51 625 .28 
Engineer, February 10, p. 205. 
YULTNEY (E.C.). — Some notes on locomotive 


r. (3400 words & figs.) 


a 656 .25 (42) 
Engineer, February 10, p. 212. 

% control of railway signalling. (1 400 words 
rs, 


Indian Railways. (New Delhi.) 


ae 625 .24 (73) 
in Railways, December, p. 775. 
TATTACHARYA (A.C.). — Freight car develop- 
s in the United States. (1 400 words & figs.) 


ernational Railway Journal. (The Hague.) 


61 656 .2 (492) 
national Railway Journal, January, p. 21. 
ytterdam’s railways work to serve a _ prosperous 
omy. (3 000 words & figs.) 


61 621 .338 (42) 
national Railway Journal, January, p. 28. 

2w prototype Tube cars enter service on London 
sport. (900 words & figs.) 


61 621 .338 (437) 
national Railway Journal, January, p. 52. 


rechoslovakia : New trainsets feature two-level 
m. (SOO words & figs.) 
61 625 .11 (71) 


national Railway Journal, January, p. 57. 
nada maps new railway line. (1 600 words & figs.) 


Japanese Railway Engineering. (Tokyo.) 


60 62513. (52) 
nese Railway Engineering, December, p. 3. 

KIRA KANATANI. — Undersea tunnels in Japan. 
0 words & figs.) 


60 6Z1e03) 
nese Railway Engineering, December, p. 7. 


aL (52) 


AJIME FUJITA. — Operation of locomotives. 
0 words & figs.) 
60 624 .2 (52) 


nese Railway Engineering, December, p. 10. 
placement of steel girders with prestressed concrete 
rs by means of new wagon crane. (900 words & figs.) 


60 6210133 Bin G2) 
nese Railway Engineering, December, p. 12. 
ASAAKI AKAHANE. — Water treatment for 
notive boilers. (1 200 words & figs.) 


The Railway Gazette. (London.) 


1960 656 .2 (42) 
The Railway Gazette, December 16, p. 710. 

HARDING (F.D.M.). — Pullman services on British 
Railways. (1 900 words & figs.) 


1960 
The Railway Gazette, December 16, p. 714. 
Axle-fatigue testing machine. (300 words & figs.) 


625 .212 


1960 621 .335 (44) 
The Railway Gazette, December 16, p. 716. 


French lightweight mixed-traffic locomotives. (400 
words & figs.) 
1960 621 .33 (47) 


The Railway Gazette, December 16, p. 717. 

Russian clamps for overhead catenary. (300 words 
& figs.) 

1960 621 .431 .72 (43) 
The Railway Gazette, December 30, p. 768. 


Standard German Diesel locomotive. (600 words 
& fig.) 
1960 621 .131 .2 (68) 


The Railway Gazette, December 30, p. 769. 
South African dynamometer car. (500 words & figs.) 


1969 
The Railway Gazette, December 30, p. 771. 
Open-air carriage-cleaning plant. (2000 words & figs.) 


625 .236 


1961 (VAL ZBI 37 (G%) 
The Railway Gazette, January 6, p. 10. 

Diesel-hydraulic trains for Japanese National Rail- 
ways. (1 600 words & figs.) 


1961 625 .234 
The Railway Gazette, January 6, p. 14. 
Air-conditioning on the « Mistral ». 


& figs.) 


(1 500 words 


1961 625215 
The Railway Gazette, January 6, p. 17; January 20, p. 74. 


Obtaining a smooth-running bogie. (4200 words 
& figs.) 
1961 656 .25 (42) 


The Railway Gazette, January 13, p. 42. 


Re-signalling at Plymouth. (3400 words & figs.) 


1961 621 .338 (494) 
The Railway Gazette, January 13, p. 48. 

Modern electric push-and-pull trains. (1 200 words 
& figs.) 


1961 621 .335 (42) 
The Railway Gazette, January 13, p. 50. 
High-voltage A.C. locomotives built by British Rail- 


ways. (1 600 words & figs.) 


Die fat es 


1961 6254151 


The Railway Gazette, January 20, p. 80. ; 
Hardening points and crossings by explosives. (500 
words & figs.) 


1961 656 .212 (42) 
The Railway Gazette, January 27, p. 101. 

KUBALE (J.C.). — Automatic marshalling yards. 
(1 900 words & fig.) 


1961 625 .213 
The Railway Gazette, January 27, p. 106; February 10, 
Dar loss 


KOFFMAN (J.L.). — Suspension characteristics. I-II. 
(3 800 words & figs.) 


1961 621 .431 .72 (47) 
The Railway Gazette, February 3, p. 131. 


Russian 3000 HP Diesel-electric locomotive. (1 800 
words & figs.) 
1961 656 .25 (42) 


The Railway Gazette, February 3, p. 133. 

New power signalbox for North East main line. (500 
words & figs.) 

1961 625 .28 (45) 
The Railway Gazette, February 10, p. 164. 

Four-car luxury trains for the Italian State Railways. 
(1 000 words & figs.) 

1961 625 .4 (460) 
The Railway Gazette, February 10, p. 168. 


Barcelona Underground Railway extension. (1 600 
words & figs.) 
Diesel Railway Traction. (London.) 
1961 621 %43) 2 (52) 


Diesel Railway Traction, January, p. 3. 
De luxe Diesel trains for Japan. (1 600 words & figs.) 


1961 621 .431 
Diesel Railway Traction, January, p. 7. 
Cooling waters for Diesel engines. (800 words.) 


72 (47) 


1961 621 .431 .72 
Diesel Railway Traction, January, p. 17. 

Cardan-shaft drives. (2000 words & figs.) 

1961 
Diesel Railway Traction, January, p. 20. 

Diesel-hydraulic locomotive performance. (800 words 
& figs.) 


621 .431 .72 


Railway Locomotives and Cars. (New York.) 


1960 621 .431 .72 (73) 
Railway Locomotives and Cars, December, Dose 

SP puts Diesel maintenance on « spot ». (1 600 words 
& figs.) 


1960 625 .236 ( 
Railway Locomotives and Cars, December, Pp. 27h 

Washing gives NH more «A» cars. (800 wor 
& figs.) 


1960 625 .244 (7 
Railway Locomotives and Cars, December, p. 45. 
All-purpose reefers for ART. (800 words & fig 


1960 621 .335 (7 
Railway Locomotives and Cars, December, p. 50. 
Pennsy 4 400-HP ignitron electrics. (900 words & fig 


Railway Signaling and Communications. 
(New York.) 


1961 656 .25 (7 
Railway Signaling and Communications, January, p. 2 

N & W has an « Underwater Interlocking ». (1 0 
words & figs.) 


Railway Track and Structures. (Chicago.) 


1961 625 .14 (7 
Railway Track and Structures, January, p. 24. 

Heavy tonnage demands high track standards. (1 3 
words & figs.) 

1961 625 .172 G 
Railway Track and Structures, January, p. 27. 

How special task force watches over methods a 
costs. (1 400 words & figs.) 


1961 625 17206 
Railway Track and Structures, January, p. 32. 

Track forces geared for high production. (2 000 wor 
& figs.) 


In Spanish. 


Revista de Obras Publicas. (Madrid.) 


1961 
Revista de Obras Publicas, enero, p. 16. 
CANALS (1.) y MOLINA MONTES (J.). — Anali 
de esfuerzos en el paraboloide hiperbolico considera 
como superficie de traslacion. (2500 palabras & fi 


62 | 


1961 
Revista de Obras Publicas, enero, p. 29. 

CASADO (C.F.) y HUARTE GONI (L.). — Unio 
de elementos en las estructuras prefabricadas compuest 
(1 500 palabras & fig.) 


= A9 


In Hungarish (= 494 .511). 


6zlekedéstudomanyi Szemle. (Budapest.) 


59 656 .2 
lekedéstudomanyi Szemle, aot, p. 342. 
JRANYI (1.). — Les importantes possibilités d’appli- 
m de la cybernétique dans le domaine de l’exploi- 
n ferroviaire. (4 200 mots.) 


= 494 S11 


59 O2575543 6 = 4945511 
lekedéstudomanyi Szemle, aout, p. 349. 
ZITARY (E.). — Contribution au probléme de 


re ondulatoire des rails. (4400 mots & fig.) 


59 625 .245 = 494 511 
lekedéstudomanyi Szemle, aoit, p. 365. 
TALONTAY (V.). — L’efficacité économique de 
ploi de wagons a déchargement automatique. (3 900 
; & fig.) 

59 614 .8 = 494 .511 
lekedéstudomanyi Szemle, septembre, p. 381. 
YTTHOF (G.). — Les accidents et la direction 
exploitation des chemins de fer. (3 600 mots.) 


59 625. .14 = 494 511°& 691 = 494 511 
lekedéstudomanyi Szemle, septembre, p. 413. 

NYI (B.). — Application de matiéres synthétiques 
: les constructions de chemins de fer et dans |’entre- 
de la voie. (1 600 mots & fig.) 


59 621723967— 494 2511 
lekedéstudomanyi Szemle, septembre, p. 416. 
ADAR (G.). — Les problémes de l’antiparasitage 
postes de radio. (2 000 mots.) 


59 656 .21 = 494 .S511 
lekedéstudomanyi Szemle, octobre, p. 430. f 
\.NDY (G.). — Etablissement d’un plan optimum 


transports. (4000 mots & tableaux.) 


59 625 .212 = 494 .511 
lekedéstudomanyi Szemle, octobre, p. 441. 

JREK (A.). — Soudure d’apport pour reprofilage 
bandages de wagons et de locomotives avec emploi 
youdre a souder. (3 200 mots & fig.) 


In Italian. 


Giornale del Genio Civile. (Roma.) 
60 62 (O01 
‘nale del Genio Civile, dicembre, p. 937. 

ICALA (P.). — Sulla teoria elastica della parete 
le cilindrica. (3 500 parole & fig.) 


Ingegneria Ferroviaria. (Roma.) 
1960 
Ingegneria Ferroviaria, dicembre, p. 991. 
POLSONI (G.). Un nuovo tipo di curva di approcio : 
la paraclotoide. (2 200 parole & fig.) 


51 


1960 
Ingegneria Ferroviaria, dicembre, p. 997. 
POLCARI (C.). — Studi ed indagini statistiche sul 
ciclo dutilizzazione dei carri merci. (5000 parole & 
tabelle.) 


656 .223 .2 


1960 
Ingegneria Ferroviaria, dicembre, p. 1009. 
BIANCHEDI (R.). — Un contributo alla soluzione 
del probiema del traffico nei grandi centri urbani. Metro- 
politane a sagoma ridotta, a teleferica, sospese, mono- 
rotaia. (5 000 parole & fig.) 


388 


1960 
Ingegneria Ferroviaria, dicembre, p. 1035. 
BISCOGLI (A.). — II trasporto per ferrovia delle 
derrate surcongelate. (3 000 parole.) 


625.244 


Rivista di Ingegneria. (Milano.) 


1961 
Rivista di Ingegneria, gennaio, p. 13. 
ANNARATONE (D.). Studio della flessione 
deviata in campo plastico. (Continuazione.) (3 000 parole 
& fig.) 


62 (01 


1961 
Rivista di Ingegneria, gennaio, p. 42. 
BELLONE (S.). Qualche considerazione  sull’ 
impiego dei profilati nelle costruzioni metalliche. (1 300 
parole & fig.) 


PAL © 


Tn Netherlands. 


De Ingenieur. (Den Haag.) 


1961 624 .7 
De Ingenieur, n™ 4, 27 januari, p. Bt. 7. 

WITTE (A.M.). De Balkbrug, systeem Willstress 
Patent. Een gecombineerde yoorgespannen staal- en 


betonconstructic. (2000 woorden & fig.) 


1961 654 
De Ingenieur, n™ 5, 3 februari, p. E. 9. 

VAN DEN BERG (D.) en BOLLE (A.P.). — Recente 
en toekomstige ontwikkelingen op het gebied van de 


lijntransmissie. (2000 woorden & fig.) 


1961 388 
De Ingenieur, n‘™ 6, 10 februari, p. V. 1. 
LEIBBRAND (K.). — Koordination yon Stadtebau 


und Verkehr. (5 000 woorden & fig.) 


Spoor- en Tramwegen. (Den Haag.) 


1961 385 .113 (492) 
Spoor- en Tramwegen, n™ 2, 26 januari, p. 17. 

De N.V. Nederlandsche Spoorwegen in 1960. (2 000 
woorden & fig.) 


1961 656 .2 
Spoor- en Tramwegen, n™ 2, 26 januari, p. 21. ; 
Actuele spoorwegvraagstukken op internationaal niyeau. 


(3 000 woorden.) 


1961 621 .431 .72 (492) 

Spoor- en Tramwegen, n™ 2, 26 januari, p. 24; n* 3, 
9 februari, p. 38. 

MAURER (J.J.), MOOLHUIZEN (Chr.) en VAN 
OMME (N.). — De dieselelektrische drierijtuigstellen 
serie 111-125 yan de N.S. (Vervolg.) (3 200 woorden 
& fig.) 


1961 656 .2 (42) 
Spoor- en Tramwegen, n™ 2, 26 januari, p. 27. 
Reorganisatie van British Railways. (2 000 woorden.) 


1961 656 .2 (52) 
Spoor- en Tramwegen, n™ 3, 9 februari, p. 33. 

BIELS (R.). — De spoorwegen in Japan. (S/ot volgt.) 
(1 500 woorden & fig.) 

1961 656 .2 (931) 
Spoor- en Tramwegen, n‘™ 3, 9 februari, p. 36. 

VAN BIJNEN (J.). — De spoorwegen van Nieuw- 
Zeeland. I. (1 000 woorden & fig.) 


In Polish (= 491 .85). 


Przeglad Kolejowy Drogowy. (Varsovie.) 


1959 625 .14 491 .85 
Przeglad Kolejowy Drogowy, mai, p. 81. 

WOSJSTOWICZ (J.). — Influence des véhicules sur 
la yoie ferrée. (3 900 mots & fig.) 

1959 -625 .141 = 491 .85 
Przeglad Kolejowy Drogowy, mai, p. 90. 

FIEDOSIEJEW (M.), WEGROWICZ (J.) et 
ZAMIECKI (H.). — Faut-il appliquer ou éyiter le 
soufflage du ballast ? (2900 mots.) 

1959 624 491 .85 
Przeglad Kolejowy Drogowy, juin, p. 101 et juillet, p. 121. 

SZNUROWSKI (M.). — Vieillissement des ponts et 
leur entretien d’aprés les recherches au Congrés des 
Chemins de fer 4 Madrid 1958. (5 800 mots, tableaux 
& fig.) 

1959 625 .144 
Przeglad Kolejowy Drogowy, juin, p. 118. 

GROBICKI (W.). — Le travail des rondelles A res- 
sort dans la yoie. (1 200 mots & fig.) 


= 491 .85 


1959 624 = 491 .8 
Przeglad Kolejowy Drogowy, juillet, p. 125. 

WITKOWSKI (A.). — Les examens de ponts soudé 
a Vaide des rayons X. (1 800 mots & fig.) 


1959 625 .12 = 490Rs 
Przeglad Kolejowy Drogowy, juillet, p. 130. 

FILIPKOWSKI (W.). — Modifications dans le 
bases du projet et de la réalisation des travaux terrestre 
de yoie. (2000 mots & fig.) 


1959 625 .144 (4) = 491 .8 
Przeglad Kolejowy Drogowy, aout, p. 141. 

HAJN (T.). — Les problémes de la mécanisatio 
des travaux de yoie dans les chemins de fer européens 
(2700 mots & fig.) 

1959 625 .14 = 491 8 
Przeglad Kolejowy Drogowy, aott, p. 152. 

SKALOWSKI (T.), GDULA (L.) et GANCLAR 
SKI (S.). — Remplacement de la superstructure dan 
une ligne a double voie pendant les fermetures de 1 


circulation durant 24 heures. (1 300 mots, tableau 
& fig.) 
1959 625 .14 (438) = 491 8 


Przeglad Kolejowy Drogowy, septembre, p. 162. 
(EDITORIAL). — Le passé et l'avenir de 1’établis 
sement de la voie aux P.K.P. (3 200 mots & fig.) 


1959 625 .174 = 491 .8 
Przeglad Kolejowy Drogowy, septembre, p. 170. 

PULCZYNSKI (J.) et RAJCA (T.). — Les dispo 
sitifs 4 nettoyer les aiguillages de la neige et de la glace 
(2900 mots & fig.) 


In Portuguese. 


Gazeta dos Caminhos de ferro. (Lisboa.) 


1961 656 .2 (54 
Gazeta dos Caminhos de ferro, n° 1755, 1 de Fevereirc 
p. 433. 


de BRITO LEAL (C.). — Os Caminhos de ferr 
nos paises longinquos. A rede ferrovidria da Unia 
Indiana. (2 000 palavras.) 


Técnica. (Lisboa.) 


1960 69 
Técnica, dezembro, p. 147. 

DE SOUSA COUTINHO (A.). — O controle d 
fabricacao do betao e a medigdo da sua qualidade n 
estaleiro. (Conclusdo.) (4.000 palavras, quadros & fig. 


In Russian (= 491 .7). 


Jéléznodoroznyi Transporte. (Moscou.) 


9 656 
10doroznyi Transporte, septembre, p. 8. 
<YWONOS (P.F.). — Nouveautés dans les rela- 
entre les chemins de fer expéditeurs et les destina- 
; de marchandises. (2 700 mots.) 


= 491 .7 


19 385.14 = 491 7 
10doroznyi Transporte, septembre, p. 18. 
SAMBYEKOV (K.M.). — Les réserves dans la 
tion des dépenses de transport. (1 600 mots.) 


39 656 212 = A9I 
10doroznyi Transporte, septembre, p. 21. 
=RIBASS (A.T.). — La manutention des marchan- 
concentrées dans un plus petit nombre de gares. 
) mots & fig.) 


ot 


9 650.2212, 49 Ly 
10doroznyi Transporte, septembre, p. 30. 
[YEKHOV (A.A.). — Les perspectives d’auto- 
ation des procédés dans les gares 4 marchandises. 
) mots & fig.) 

9 691 
10doroznyi Transporte, septembre, p. 36. 
MUKYANTCHYKOYV (I.K.). — L’application des 
res polyméres en transport ferroviaire. (1 800 mots 


= 491 7 


- 


9 625.26 — 4917 
1odoroznyi Transporte, septembre, p. 40. 

ITZEV (A.N.). — L’augmentation de la produc- 
sur une surface de travail existante. (2900 mots 


.) 


9 G21 332 
1odoroznyi Transporte, septembre, p. 45. 
YVTOUNE (L.F.). Les moyens d’améliorer 
entation énergétique des chemins de fer électriques. 
) mots & fig.) 


= 491 .7 


9 62117-5353 491 .7 
\odoroznyi Transporte, septembre, p. 51. 

YLYNTCHOUK (L.S.). — L’application des mo- 
de traction asynchrones dans les locomotives 


iques a courant alternatif. (1100 mots & fig.) 


9 625 a4 
iodoroznyi Transporte, septembre, p. 60. 

MRROLEV (N.W.), GRATCHEWA (L.O.) et 
GAIEV (V.N.). — Des nouvelles méthodes de 


le et ’appréciation de l’état de la voie. (2 400 mots 


) 


1959 656 .256 (47) = 491 
Jeléznodoroznyi Transporte, septembre, Doon: 

STOTZKO (L.T.). — L’expérience de la construction 
du block semi-automatique a circuits linéaires polarisés 
a la direction de chemins de fer « Byélorousskaia ». 
(1 600 mots & fig.) 


SH 


1959 656.2223 = 49a 
Jéléznodoroznyi Transporte, septembre, p. 68. 

STOPYTCHEV (S.G.) et HOUAN KOUAN-da. — 
Le calcul du plan de composition des rames a l’aide 
d*une machine a calculer. (1 700 mots.) 


1959 65697-2(5 1) =549 awe, 
Jéléznodoroznyi Transporte, septembre, p. 81. 

TEN DAI-youan. — Les Chemins de fer de la 
Chine nouvelle sont en plein essor. (2 700 mots.) 


1959 656 .222 .4 = 491 .7 
Jéléznodoroznyi Transporte, octobre, p. 8. 

YESSKOV (L.N.). — Les nouvelles réserves de ]’amé- 
lioration du débit des lignes ferroviaires. (1 700 mots.) 


1959 656 .225 = 491 .7 
Jéléznodoroznyi Transporte, octobre, p. 11. 

POVOROJENKO (W.W.) et TRIKHOUNKOV 
(M.F.). — L’accroissement de Vlintérét des transports 
en containers. (2100 mots & fig.) 


1959 6567-234 — 491 
Jéléznodoroznyi Transporte, octobre, p. 20. 

BERNDT (N.W.) et STOLAROVA (T.A.). — Les 
réserves dans l’abaissement des prix de revient du trafic 
yoyageurs. (1 000 mots & tableaux.) 


1959 6214312 — 24 le 
Jéléznodoroznyi Transporte, octobre, p. 22. 

POIDA (A.A.) et BOLKHOVITINOV (G.F.). — 
Perfectionnement des moteurs en traction Diesel. (1 600 
mots & fig.) 


1959 6259-282 enol 
Jéléznodoroznyi Transporte, octobre, p. 28. 

TOLKATCHOV (A.W.). — Les calculs comparatifs 
du rendement des locomotives et de ses charges. (1 200 
mots & tableaux.) 


1959 6215-3325 49 ea 
Jéléznodoroznyi Transporte, octobre, p. 30. 

FIGOURNOY (E.P.). — Les méthodes de calcul 
du systéme d’alimentation énergétique des chemins de 
fer électriques. (1 900 mots & fig.) 


1959 6250,255 5745 la 
Jéléznodoroznyi Transporte, octobre, p. 33. 
INDOUKAIEV (D.P.), MA{GOV (W.Y.) et 


ZAREZENKO (A.N.). — L’éclairage fluorescent des 
yoitures. (1 700 mots & fig.) 


a 


1959 656525 — ao ee, 
Jéléznodoroznyi Transporte, octobre, p. 37. 

PENKINE (N.F.). — L’automatisation du réglage par 
commande 4a distance. (1600 mots & fig.) 


1959 656 .254 = 491 .7 
Jéléznodoroznyi Transporte, octobre, p. 41. 

MIKHAILOV (M.M.) et RASOUMOY (L.D.). — 
La possibilité de VLutilisation des lignes aériennes des 
télécommunications situées le long des chemins de fer 
a courant alternatif. (2000 mots & fig.) 


1959 6565222, 54S ag, 
Jéléznodoroznyi Transporte, novembre, p. 44. 

TCHERNOMORDIK (G.I.) et MAXIMOVITCH 
(B.M.). — Quelques considérations sur le perfectionne- 
ment de Vhoraire des trains. (2 800 mots & fig.) 


1959 656 21 = 733) 
Jéléznodoroznyi Transporte, novembre, p. 49. 

AXENOV (I.Y.). — Sur la correspondance e 
les parcs des wagons et le niveau du développement t 
nique du chemin de fer. (3 600 mots & fig.) 


1959 625 .143 .5 = 49] 
Jéléznodoroznyi Transporte, novembre, p. 54. 

FRICHMAN (M.A.) et RABINOVITCH (G.D.). 
Tirefonds expérimentaux pour les traverses en be 
armé dans les sections 4 block automatique. (600 m 
& fig.) 

1959 625 .28 (47) = 491 
Jéléznodoroznyi Transporte, novembre, p. 59. 

OLECHKO (G.I1.), YEFIMOV (P.I.), FRENK 
(E.M.), KONAREV (N.S.) et NASAROV (1.F.). 
L’augmentation des parcours moyens des _ locomoti 
électriques jusqu’a 900-1000km pendant 24 heu 
{1 700 mots & tableaux.) 


a ie 
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